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protected against gastric acid whilst 
mixing thoroughly with food... 





i 
Mm gy 
ii 


A 


“ereon 


Superior control of steatorrhoea 






Rising pH rapidly releases pancreatin for 
thorough digestion and control of steatorrhoea 


ndard enteric-coated tablets in pancreatic insufficiency 
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25,000 BP units of lipase Perianal irritation, and rarely, inflammation, could occur when large doses are used 

18,000 BP units of amylass Product Licence Number: 5727/0006 

167 BP units of protease Name and Address of Licence Holder 

Available in pack £50. Bas £19.50 Kali Chemie Pharma GmbH, Hans-Bockler-Allee 20, 3000. 

Indication: Pancreatic exoerin er Hannover 1, Germany 

Dosage and Administration: Adults ‘inc! and children: Initially one capsule 

with meals, then adjust according to response References 

The capsules can be swallowed whol istration they may be opened and 1. Stead R J et al. Thorax 1987; 42: 533-37 
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What every surgeon should know; 


f 
Thromboembolic complications still remain a common problem 
after surgery! A number of studies have shown that the risk of ; 


thromboembolic complications after surgery can be significantly 
reduced by thromboprophylaxis.: ; 


The introduction of Fragmin now makes this treatment even 
more convenient? and effective* than with Unfractioned Heparin 


...Fragmin simply Once-a-Day 
Effective thromboprophylaxis 


Actual size of syringe 
Prefilled syringes in two concentrations 
2,500 IU and 5,000 IU 


in 
ő 4 dalteparin sodium 


Kabi Pharmacia 


Cardiovascular 


Fragmin” Abbreviated Prescribing Information. i 


Presentation: Single dose disposable syringes containing dalteparin sodium 2,500 IU (anti-Factor Xaj/0.2 mi or 5.000 IU (anti-Fector XayiG2 mi. No preservative present. indication: Peri- and post-op: 
urgical thromboprophylaxis. Dosage: Adults only Moderate risk of thrombosis. Fragmin 2500 IU administered subcutaneousiyiSp t=-2 hours prior to surgery and thereafter 2,500 IU sc once-daily fq 
Gays or until the patient is fully ambulant. High risk of thrombosis eg elective hip replacement, extensive operations patients with malignant disease. Fragmin 2,500 IU administered sc 1—2 hours pi 
surgery, and the same dose is administered 12 hours later. Thereatter 5,000 IU sc once-daily for five days or until the patient is fully ambulant. Contraindications: There are no kn own absolute contrai 
to Fragmin. However, caution should be exercised in patients with an increased risk of bleeding complications. Precautions: Caution in patients with severely disturbed hepatic or renal functio#, 4 
bocytopenia, or defective platelet function and in patients receiving drugs affecting coagulation/platelet function: patients with known heparin hypersensitivity. Fragmin, when administered in Ba 
2,500—5,000 IU/day, does not generally accumulate and therefore, monitoring of anti-Factor Xa levels is not usually necessary. Side effects: High doses of Fragmin with serum anti-Factor Xa lev g 
than 15 IU/ml may cause bleeding, Transient si to moderate increase in liver enzymes have been observed. The wing heparin side effec annot be excluded as Fragmin is a derivatife 
thrombocytopenia, allergic reactions, osteoporosis. Overdose: 100 IU Fragmin is inhibited by 1 mg protamine: see Or full prescribing information Legal Category: POM. Packs: Fragr 
1U/0.2 mi; pack of 10 single dose syringes. 5,000 IU/0.2 mi: pack of 10 single dose syringes. P L Numbers: 2,500 1U/0.2 2/0076. 5,000 1U/0 2 m!0022/0077. Kabi Pharmacia Ltd, Davy Avenue, K 
Milton Keynes, MKS 8PH. 
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Laparoscopic Treatment of 
Gastroesophageal Reflux 


" Laparoscopic placement of 
the Angelchik Anti-Reflux 
Prosthesis provides a 

viable alternative to a 
life-long committment 

to medication or more 
complex surgical 


procedures,"' 


. patients fave 4 
reported excellent a ré results, +3 


The less traumatic surgical atechntive 


Designed to prevent reflux by restoring sphincter 
function * the device is simply tied in place at the 
GE junction after minimal dissection. Failures 
due to stomach-wrap breakdown are eliminated. 
Now, laparoscopic placement greatly 
reduces post-operative pain and recovery 
time. 


T aad BY, at e31 tone 711411. 
In the U.K., please telephone; 
Mantis Surgical Ltd. at (0)635 550100. 


MacPhee, W. "Laparoscopic Placement 
cd or praseaation’ se Weta CACA Endoscopic Surgery, Bordeaux. France, 1992. 
2 Angelcbik, | Pet al, "The Anti- 


Reflux.” Chapter in Debates im Clinical Surgery ae 2 
~ r rA sas 
Simmons RL and AO Udekwa, eds, Mosby Year Book, St. Louts, 1991. 


3. Timoney, A.G. etal, "The Angelcbik Anti- Device a 5-Year Experience” Annals 
Royal College of Surgeons of England, 185-187, 1990 


4. Petierson,G B., et.al, "The Dynamics of Lower Esophageal Sphincter Function” Current 
Surgery, 37: 143-145, 1980. 
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‘The Belfry’ Birmingham 


LIVE SURGICAL DEMONSTRATIONS 


e Colonic Resection 
* Rectopexy 

¢ Bilateral Inguinal Hernia Repair 
¢ Highly Selective Vagotomy 

e Nissen Fundoplication 






GUEST SPEAKERS 


Dr Garth Ballantyne: Yale University 
Dr Joseph Weerts: Clinique St Joseph, Liege, Belgium 
Dr Philippe Mouret: Clinique de la Sauvegarde, Lyon 











Registration: £148.00 (members) £178.00 (non-members) 


Includes Registration, overnight accommodation on 11th February 1993, and BSSG Annual Dinner 







£95.00 Includes full Registration 
CLOSING DATE FOR FREE PAPERS/VIDEOS: 25th January 1993 


Enquiries to: Sally Smith, Conference Coordinator 
c/o Auto Suture Company, UK 
2 King’s Ride Park 
ASCOT, Berkshire SL5 8BP 
Telephone: 0344-27721 
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Excellence you can’t ignore... 


A. Cuschieri, Dundee; G. Buess, University of Tübingen; J. Périssat, Bordeaux (Eds. ) 


Operative Manual of Endoscopic Surgery 


1992. X, 353 pp. 378 figs. in 561 sep. illus., 171 in color. 20 tabs. Hardcover DM 296,- ISBN 3-540-53486-5 




















This guide to surgery is dedicated to a rapidly 
developing and continuously expanding area 
of surgery. All indications and conditions 
where this state-of-the-art method can be 
used are treated systematically in this 
comprehensive work. 


All of the authors and editors are 
, pioneers of worldwide repute in 
their respective techniques. Special 
emphasis has been placed on 
| highly informative diagrams 
| which form an instructive 
complement to the numerous 
accompanying “real-time” figures 
| taken directly during operative 
| procedures through the endo- 
| scope. 


The clear text and the impressive 
high-quality illustrations make the 
book an essential and unique 
companion for every surgeon who 
wishes to become familiar with the new 
techniques which today’s patients expect 
a surgeon to know. 


The contents feature 


~ Historical aspects 

— Technical equipment including future developments 
— Thoracoscopic procedures 

— Gastrointestinal endoscopic procedures 

— Future advances in endoscopic surgery 


Prices are subject to change without notice. 
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OF HONG KONG 


Applications are invited for the following posts in the 
Department of Surgery: 


Chair of Cardio-Thoracic Surgery 
(Ref. 92/93-21) 


This post is tenable from 12 January 1993. Candidates 
should have extensive experience in common aspects of 
cardiac and thoracic surgery. The appointee will be 
expected to teach at undergraduate and postgraduate 
levels, to engage in research, and to share emergency 
on-call duties. A proven record of research is essential. 
The appointee would normally be expected to head the 
Division of Cardio-Thoracic Surgery. 


Chair of Surgery (Second Structural Chair) 
(Ref. 92/93-22) 


Candidates should be specialized surgeons of consider- 
able experience in the field of general surgery, preferably 
with a special interest in gastrointestinal or hepatobiliary 
surgery. The appointee should also have a distinguished 
record in research and publications, evidence of leader- 
ship in promoting research programmes in clinical areas 
as well as in the laboratory, an interest in curriculum 
development and a strong commitment to teaching medi- 
cal students and training registrars. Knowledge of the 
health care system in Hong Kong and a working know- 
ledge of Chinese are advantages. The appointee may 
need to visit affiliated hospitals of the Queen Mary 
Hospital system. 


The University would prefer to make permanent appoint- 
ments, but consideration may also be given to applica- 
tions for appointment on fixed or secondment terms of 
preferably not less than three academic years. The 
University reserves the right not to fill the Chairs or to fill 
the Chairs by invitation or to make an appointment at a 
lower level. 


Annual salary (superannuable) will be within the profes- 
sorial range, of which the minimum is HK$1,145,400 and 
the average is HK$1,350,780 (approx. £97,900 & 
£115,450 respectively; sterling equivalent as at 13 
November 1992). At current rates, salaries tax will not 
exceed 15% of gross income. Housing at a charge of 
7.5% of salary, children’s education allowances, leave, 
and medical benefits are provided. 


Further particulars and application forms may be 
obtained from the Appointments Department, Association 
of Commonwealth Universities, 36 Gordon Square, 
London WC1H OPF, UK, or from the Appointments Unit, 
Registry, University of Hong Kong, Hong Kong (Fax 
(852) 5592058; E-mail: APPTUNIT@HKUVM1.HKU.HK). 


Closes: 31 March 1993 
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A School of the University of London 
Royal Postgraduate 
Medical School 


ER.C.S. Course (Surgery in General) 
8-26 March 1993 


This intensive, non-residential three week course will take 
place at the Hammersmith Hospital. 


Tuition will provide revision for the Surgery in General 

Examination, Part B and will consist of lectures, mock 

vivas and afternoon clinical sessions devoted to history 
taking and physical examination. 


Invited specialists will deliver guest lectures. 


Due to the close supervision of clinical sessions and the 
mock vivas, numbers will be limited and early application is 
strongly advised. 


There are no selection criteria for this course. 


Course fee: £540.00 


Course organiser: Mr NJ Standfield 


Application forms Wolfson Conference Centre 

and further Royal Postgraduate Medical School 

details from: Hammersmith Hospital, Du Cane 
Road, London W12 ONN, UK 


Telephone: 081 740 3117/3245 
Fax: 081 740 4950 


Any article in one of our journals can be 
reprinted by us for the purchasing 
organization to distribute at scientific 
meetings, conferences, training sessions 
or alongside its own educational or 
promotional literature. 


For a quotation please contact: 


The Reprints Department 
Butterworth-Heinemann Ltd 
Linacre House, Jordan Hill 
Oxford,OX2 8DP 


Tel: 0865 - 310366 Fax: 0865 - 314519 


UTTERWORTH 
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TWO DAY COURSE 
| Medical Writing and Publis ni 


2-3 March 1993 


St Mary’s Hospital Medical School 


Organised by Professor Andrew Nicolaides 


PROVISIONAL PROGRAMME 

Tuesday 2nd March 
10.00 am Statistical Methods in Medicine HAF. Dudley 
11.00 am Design of Clinical Trials HAF. Dudley 
12.00 Copyright K. Poole 
1.00 pm LUNCH 
2.00 pm Giving a Lecture P. Chu 

| 3.00 pm Publishing a Journal C.W. Jamieson 
4.00 pm Editing a Journal S. Lock 
Wednesday 3rd March 
10.00 am Presenting a Scientific Paper HAF. Dudley 
11.00 am The Writing of a Scientific Paper HAF. Dudley 
12.00 Relations between Editors and Publishers K. Poole 
1.00 pm LUNCH 
2.00 pm The Writing of a Thesis H.A.F, Dudley 
3.00 pm Editing a Book A. Nicolaides 


Registration fee: £150 (Lunch included) 
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Dundee in 1976. He has held numerous distinctions and 
appointments: the Moynihan Prize (1973), Secretary of the 
Surgical Research Society (1977-1979), President of the British 
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graduate of Cambridge University and the Middlesex Hospital 
and he trained in surgery at Hammersmith and St Mary's 
Hospital, London, before taking up his present appointment 
in 1988. He is an upper gastrointestinal and HPB surgeon with 
a particular interest in laparoscopic surgery and ERCP 
Research interests include biliary function, acute abdominal 
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Secretary and Treasurer of the Vascular Surgical Society of 
Great Britain and Ireland 


Robin Williamson 


Leading articles 





Br. J. Surg. 1993, Vol. 80, January, 2-3 


Congenital arteriovenous 
malformations 


Abnormal communications between arteries and veins are responsible for 
arteriovenous malformations (AVMs). They are presumed to be present at birth 
although they are not always apparent. Usually they grow with age and, in women, 
may enlarge dramatically during puberty or pregnancy. Patients present because of 
disfigurement, pain, skin ulceration, haemorrhage or, rarely, heart failure. Important 
histological differences exist between capillary haemangiomas, which contain 
abundant mast cells, and other AVMs, in which mast cells are rare’. Haemangiomas 
are often not visible at birth, grow in the early months of life, tend to regress and, 
in 90 per cent of cases, involute naturally by the age of 5-10 years. They are not 
considered further here. 

Syndromes such as Klippel-Trenaunay and Sturge- Weber are not as well defined 
as their names would suggest but are part of a widely overlapping spectrum. The 
clinical behaviour and prognosis of the remainder of AVMs are determined by the 
presence and quantity of shunting’. A simple hand-held Doppler ultrasonography 
probe may be used to examine the lesion. Patients with audible (or palpable ) shunting 
who complain of pain, haemorrhage, skin ulceration or heart failure need urgent 
treatment. Angiography should be undertaken only when treatment is necessary and 
when embolization can be performed at the same session. Embolization is successful 
in reducing flow and improving symptoms in about 75 per cent of patients with 
significant shunting’. It may need to be repeated, but the indications for this are 
clinical deterioration or persistence of high-flow fistulas, which could compromise 
the heart. Embolization is particularly valuable in control of AVMs involving the 
pulmonary or central nervous system tissues; these are outside our experience. 

Surgery is indicated for some malformations. Symptomatic, mainly venous, lesions 
with no arterial signal normally carry a better prognosis and can be investigated by 
plain radiography. This may reveal phleboliths, calcification, bony overgrowth or 
suspicious (possibly malignant) bone changes. Venography and duplex ultra- 
sonography are sometimes indicated. Biopsy should be undertaken if doubt exists 
about the nature of any lesion that might be a sarcoma or vascular secondary tumour*. 
Superficial venous AVMs are best demonstrated by venous filling on dependence 
and by their venous signal using the hand-held Doppler ultrasonography probe. 
Small venous lesions can be excised and surgery offered to correct disfigurement or 
venous bleeding. Skin grafting may be needed to cover a large defect. It is important 
to balance the benefits of excision with the final appearance, and with the relatively 
benign clinical course associated with these lesions. 

In a small proportion of cases an AVM is found to be traumatic: a forgotten 
injury may have led to an arteriovenous fistula. When there is strong suspicion of 
this from angiography, the lesion is usually best treated surgically if easily accessible. 

In the past many AVMs were treated surgically by ligating the feeding vessels; 
this may still be appropriate in an immediately life-threatening situation. However, 
malformations may subsequently enlarge and access for embolization procedures has 
then been blocked. Appropriate treatment for these patients involves restoration of 
‘normal anatomy’, either by direct reanastomosis of the feeding vessel or bypass 
grafting using vein or prosthetic material. This allows access for therapeutic 
embolization. Ligation of feeding vessels should, as a rule, be avoided. 

Excision of an unsightly, ulcerated or bleeding AVM may be desirable if 
embolization is not possible or make-up does not cover it. The extent of the 
malformation and the tissues involved must be assessed carefully. If the preoperative 
plain radiograph is normal, deep tissue involvement may best be excluded by 
non-invasive magnetic resonance imaging®. If muscle groups and nerves are involved, 
a decision must be made whether partial or complete excision is appropriate or 
possible. Excision may require the combined skills of plastic, orthopaedic and vascular 
surgeons. Large superficial highly vascular AVMs may be controlled by a technique 
described by Popescu’. Hand-held needles are used to under-run the tissue, returned 
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through the dermis and tied, compressing the malformation. This ‘mattress’ effect 
leads to fibrosis and can help control the lesion. 

Amputation is not often necessary. However, persistent skin ulceration or 
haemorrhage from a small highly vascular AVM of the finger or foot can be painful 
and distressing. Embolization might endanger the whole hand or foot; in selected 
cases amputation of a digit may actually preserve useful function. Major amputation 
is now rare, as embolization usually provides sufficient control of any large peripheral 
malformation. Nevertheless, the pelvic region remains an area of difficulty and 
potential danger; it is so well supplied with collaterals that embolization may fail. 
This may eventually lead to hindquarter amputation. 

It is important that unnecessary angiography is not performed in low-flow AVMs 
and that in high-flow lesions embolization is planned to occur at the time of 
angiography. Surgery should be undertaken only when an AVM has been properly 
defined and symptoms justify an operation. While it is wrong to believe that AVMs 
are best treated by primary surgery, careful selection will enable up to 20 per cent 
of patients to be cured or their lesions well controlled by this means’®. 


A. W. Halliday 
A. O. Mansfield 
Regional Vascular Unit 
St Mary’s Hospital 
London W2 INY 
UK 
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Perioperative nutritional support 


Although malnutrition, a reduction in body reserves, compromises recovery and the 
capacity for healing following any surgical procedure’, the risks are at their highest 
when major surgery includes intestinal anastomosis, an observation first noted? in 
1936 and since confirmed by several investigators’. A period of up to 1 week with 
no oral intake generally poses few problems, provided fluid and electrolyte 
requirements are met. Any temporary gut dysfunction following surgery can usually 
be circumvented by the well established dogma of ‘nasogastric suction and intravenous 
fluids’. However, there is an important minority of patients who are unable to ingest 
adequate nutrients for prolonged periods after surgery, and in these perioperative 
nutritional support is essential. 

The support required will vary; in this context the concept of ‘intestinal failure’ 
is valuable. Intestinal failure is defined as a ‘reduction in functioning gut mass below 
the minimal necessary for the adequate digestion and absorption of nutrients’?. In 
its broadest sense temporary intestinal failure after gastrointestinal surgery is 
practically inevitable, but it becomes a problem only with prolonged gut dysfunction. 
A successful outcome from any surgical intervention depends on a number of factors: 
the skill of the operator and the healing capacity of the patient are among the most 
important!. With specialization in surgery, many general surgeons are increasingly 
tending to become gastrointestinal specialists. All surgeons who resect portions of 
the gut, or who undertake major intra-abdominal surgery, occasionally encounter 
patients with prolonged gut dysfunction, and they can no longer ignore options for 
life-saving advances in artificial nutritional support. Nevertheless, recent evidence 
suggests that such support is unstructured, inappropriate and in many cases 
detrimental to patients in the majority of hospitals in the UK*. 

In broad terms, nutritional support involves a range of activities, extending from 
prescribing the oral intake of specialized (usually liquid) enteral feeds, providing 
access to the available functioning gut (in the form of enteral tubes and stomas), 
and bypassing the intestinal tract in patients with intestinal failure (in the form of 
total parenteral nutrition (TPN)). The traditional surgical interest in TPN has 
resulted in a relative neglect of the other methods. As in all aspects of medicine, the 
skill of clinical nutrition involves the two fundamental processes of informed decision 
making and institution of appropriate treatment. In this context, enteral feeding is 
the goal to strive for*. Sadly, in many patients who might be expected to need 
postoperative nutritional support, the surgeon fails to consider enteral access; the 
patient with a functioning but inaccessible gut who develops complications after 
surgery receives TPN when enteral access would allow safer, more effective, nutrition. 
The watershed between enteral and parenteral support should be determined by the 
presence or absence of intestinal failure*, which is the only absolute indication for 
TPN. Despite technological advances, such nutrition still carries substantial 
complications. Many of these are catheter related; even in experienced hands, central 
venous catheter sepsis, displacement and mechanical problems occur in at least 
10 per cent of cases®. At least a further 5 per cent of patients receiving TPN develop 
metabolic derangements. 

The unbalanced emphasis placed on TPN is exemplified by a recent large 
multicentre trial. The objective of the Veterans’ Affairs study was to define the role 
of preoperative and perioperative TPN in patients undergoing major gastrointestinal - 
surgery’. The initial entry criteria for the study excluded 3 per cent of the overall 
sample who had an absolute requirement for TPN. Following randomization of more 
than 800 patients, approximately 5 per cent of the 395 given TPN were severely 
malnourished and appeared to derive benefit from such nutrition. In the remaining 
95 per cent, who were less severely malnourished, TPN resulted in an increase in 
major complications, mainly infectious in nature, compared with controls. Not 
surprisingly, these data have been presented as suggesting that perioperative TPN 
has an unproven role and may be detrimental’. However, this is misleading, as 


_ patients with intestinal failure for whom TPN was vital were excluded. Furthermore, 


those with an intact functioning gut could have been more appropriately nourished 
with enteral nutrition. A realistic analysis of this study suggests that TPN is life-saving 
in patients with intestinal failure and improves the outcome in those who are severely 
malnourished. In borderline-to-severe malnutrition, the risks of TPN outweigh the 
benefits. In the light of these results, preoperative and perioperative enteral nutrition 
may prove beneficial but evaluation is awaited. 
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What then are the essential aspects of perioperative nutrition for gastrointestinal 
surgeons? They should have a working knowledge of nutritional support and be able 
to identify patients for whom nutrition may represent an important limiting factor 
in recovery after operation. They should be aware of the recent advances in enteral 
feeding, particularly of fine-bore nasoenteral feeding tubes? and non-operative 
gastrostomy insertion’. Any surgeon who opens the abdomen should be capable of 
performing a gastrostomy or feeding jejunostomy in appropriate cases; when 
reoperating on patients for complications surgeons should bear in mind the possible \ 
need for enteral access. In this context the technique of needle-catheter jejunostomy 
as described by Delaney et al.° is to be recommended. With modern kits, a jejunostomy 
is quick and easy to perform, is associated with minimal complications and is easily 
removed if not required. The gastrointestinal surgeon should have a general 
understanding of the term and consequences of prolonged intestinal failure’. He or 
she should be aware that TPN is associated with mortality and substantial morbidity®, 
but also that it is generally beneficial in patients with prolonged intestinal failure. 

It would be impractical for all general surgeons to acquire detailed knowledge of 
all aspects of nutritional support: who then will decide which patients are likely to 
benefit from a particular perioperative nutritional intervention? Common sense 
helps’®, but a recent report from the King’s Fund Centre has suggested that further 
awareness and training, and a multidisciplinary nutrition team approach to all aspects 
of nutritional support is required in all hospitals*. Surgeons have traditionally led 
the way in practical nutritional support and should continue to play their part. An 
understanding of perioperative nutritional needs should be an essential element of 
training for all who undertake major surgery, especially procedures on the 
gastrointestinal tract. 

B. J. Moran 
A. A. Jackson* 
Departments of Surgery and *Human Nutrition 
University of Southampton 
Royal South Hants Hospital 
Southampton SO9 4PE 
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BE ; Medullary thyroid carcinoma 


Medullary thyroid carcinoma accounts for 5—10 per cent of thyroid 
malignancies and occurs sporadically, and in three familial settings with 
autosomal dominant inheritance. Calcitonin, a 32 amino acid 3-5-kDa 
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Medullary thyroid carcinoma (MTC), recognized! since 1959, 
constitutes 5-10 per cent of all thyroid malignancies. It occurs 
within three familial syndromes and as a sporadic disease. 


Classification 


The multiple endocrine neoplasia (MEN) syndrome described 
by Sipple in 1961 (MEN 2A) consists of an association between 
MTC, phaeochromocytoma and hyperparathyroidism, and is 
inherited as an autosomal dominant condition with complete 
penetrance and variable expressivity? MTC develops in all 
affected members and is usually detectable by the second decade 
of life, although a palpable thyroid nodule may not become 
clinically evident until the age of 40 years. The tumour has a 
variable prognosis in these families, usually demonstrating slow 
growth; rapid progression may, however, occur. . 

MTC in families with MEN 2B is a more aggressive disease 
(5-year survival rate <35 per cent)? and may develop before 
the age of 12 months. The syndrome is characterized by MTC, 
phaeochromocytoma, the striking appearance of marfanoid 
habitus and multiple mucosa! neuromas affecting the lips, 
eyelids, tongue and oropharynx with ganglioneuromas of the 
gastrointestinal tract that may predispose to bowel motility 
disorders. 

Familial non-MEN MTC was described recently as an 
autosomal dominant condition with no associated endocrino- 
pathies*. The disease is more indolent, with a mean age at 
presentation of 45 years and an excellent 5-year survival rate. 

Sporadic MTC presents as a palpable mass in the neck 
during the fifth or sixth decade of life. Only one thyroid lobe 
is affected, local metastases are frequently found at the time of 
surgery, and recurrence is common. However, the disease is 
less aggressive than MTC in MEN 2B, with a 70 per cent 7-year 
survival rate reported". 


Pathology 


MTC develops in parafollicular C cells derived from the neural 
crest, located in the upper and middle portions of the thyroid 
gland. It occurs as a unilateral focus in the sporadic disease 
but is multicentric in hereditary MTC, involving both lobes in 
almost all patients. The tumour has a gross appearance of 
grey/white or tan nodules with a gritty texture and areas of 
haemorrhage, necrosis, fibrosis or calcification. Histologically 
it consists of uniform polygonal or spindle-shaped cells within 
a variable fibrous stroma that may often contain amyloid, 
particularly in larger tumours. C cell hyperplasia is found in 
the gland in patients with familial syndromes but not in sporadic 
MTC3. The tumour may be identified by light microscopy but 


protein, is a biochemical marker of the tumour. Serum levels correlate 
with disease burden. Treatment initiated by screening allows disease 
removal at a premalignant phase: C cell hyperplasia. Genetic linkage 
studies locate the multiple endocrine neoplasia type 2A gene near the 
centromere of chromosome 10. Flanking genetic markers may allow 
polymorphic probes to examine DNA from a once-only blood sample 
to identify affected individuals. At what age thyroidectomy should be 
carried out in these patients is unclear. 


immunohistochemical staining for calcitonin is required to 
detect C cell hyperplasia. 


Biochemistry 

Calcitonin, a 32 amino acid 3-5-kDa protein, is secreted by 
thyroid C cells and serves as an excellent tumour marker, 
although its precise physiological role is not known. In animals, 
calcitonin has a calcium-lowering action by inhibition of 
osteoclastic bone resorption. In humans it plays a minor role 
in calcium homoeostasis — thyroidectomy has little effect on 
serum calcium levels. Calcitonin has therapeutic application in 
the treatment of Paget’s disease and hypercalcaemia. 

MTC messenger RNA has been used to derive comple- 
mentary DNA, from which the structure of the calcitonin 
precursor has been predicted®. The calcitonin gene is flanked 
by the C-terminal peptide PDN21 and a larger N-terminal 
peptide. Calcitonin and PDN21 are coexpressed in C cells, 
probably as a result of post-transiational cleavage of the two 
peptides from the same precursor molecule’. MTC is capable 
of producing other hormones such as adrenocorticotrophic 
hormone, bombesin, somatostatin, 5-hydroxytryptamine, 
prostaglandins, carcinoembryonic antigen (CEA), substance P 
and vasoactive intestinal peptide with no clinical significance; 
Cushing’s syndrome has, however, been reported’. Immuno- 
histochemical markers for MTC include calcitonin, histaminase 
(not present in normal C cells or C cell hyperplasia), dopamine 
decarboxylase (present in normal cells but greatly increased in 
areas of MTC), neurone-specific enolase and the acidic protein 
chromogranin®"!°, 


Diagnosis 

Patients with palpable MTC may present with single or multiple 
nodules, advanced local disease (cough, hoarseness, dysphagia 
and cervical lymphadenopathy) or with signs of metastatic 
disease in lung, liver or bone. Occasionally patients develop 
diarrhoea owing to high levels of calcitonin stimulating 
intestinal secretion of water and electrolytes. 


Radiology 

Characteristic irregular dense calcification may occur, particu- 
larly in longstanding tumours. Ultrasonography detects 
tumours as small as 4mm and has limited application in the 
detection of recurrent disease’'. Primary tumours and 
metastases may be localized using radioisotope techniques 
where available; pentavalent °°"fc-dimercaptosuccinic acid is 
considered superior to standard technetium, '**I, or ‘**I-m- 
iodobenzylguanidine radioisotope scans!?"13. 
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Biopsy 

Fine-needle aspiration cytology may be diagnostic; MTC 
smears show a predominance of spindle cells and the presence 
of a substance with amyloid staining properties. 


Serum markers 

Basal or stimulated calcitonin levels are raised in virtually all 
patients with MTC. The calcitonin radioimmunoassay, 
developed in 1970, has proved an invaluable screening test for 
the detection of preclinical disease and early tumour recurrence 
after surgery in MEN 2 family members’*. The normal range 
for the radioimmunoassay varies between laboratories but 
usually lies below 300 pg/ml. In patients with a palpable 
tumour this may rise to >1000 pg/ml and in those with 
metastatic disease to > 100000 pg/ml. Calcium and penta- 
gastrin are potent secretagogues for calcitonin and the 
combined administration of calcium gluconate (2 mg/kg) and 
pentagastrin (0-5 ug/kg) provides a synergistic increase in 
calcitonin level detected by peripheral blood sampling at 0, 1, 
2, 3, 5 and 10 min after completion of injection. Most people 
experience mild side-effects of flushing, sweating and a sensation 
of retrosternal, epigastric or pharyngeal pressure. Occasionally 
more severe. symptoms and. weakness occur; fewer than 
1 per cent of patients experience hypotension, cardiac 
arrhythmia and prostration!* for 24-48 h. 


Treatment 


All patients with MTC require total thyroidectomy with 
meticulous removal of all thyroid tissue and preservation of 
the parathyroid glands and recurrent laryngeal nerves. 
Although 80 per cent of patients with sporadic MTC have 
unilateral disease, each patient should be regarded as a potential 
new index case for a familial syndrome. Chances of cure are 
optimized by careful primary surgery including prophylactic 
central lymph node dissection from the hyoid to the innominate 
vessels, extending out to the internal jugular veins, because 
50 per cent of patients present with nodal metastases!®. Routine 
radical neck dissection is not necessary in every case but lateral 
neck dissection is performed when cervical metastases are 
apparent’. 

Phaeochromocytoma should be excluded by preoperative 
investigations in patients with MEN 2A or 2B, and 
adrenalectomy undertaken if required 2 weeks before 
thyroidectomy to prevent adrenergic crisis. Patients with MEN 
2A should be screened for hyperparathyroidism by testing 
serum calcium and parathyroid hormone levels. In contrast to 
MEN 1, selective removal of only grossly enlarged glands can 
be performed in patients with MEN 2A without risk of recurrent 
hypercalcaemia'’. Total parathyroidectomy with parathyroid 
autotransplantation is indicated only in patients with MEN 2A 
who have hypercalcaemia and enlargement of all four 
parathyroid glands. 


Prognostic indicators 

Stage 

The method of investigation and type of MTC influence the 
stage at diagnosis!®. Some 64 per cent of patients with sporadic 
MTC, 60 per cent with MEN 2B, and 26 per cent with MEN 
2A had extrathyroid disease at primary surgery in one study’®. 
Of patients with palpable tumours, 41 per cent had local node 
involvement, while 14 per cent of those detected by raised basal 
calcitonin concentrations and none of those with normal basal 
but raised stimulated calcitonin levels had metastatic disease’®. 


Calcitonin level 

The preoperative stimulated calcitonin level correlates with 
tumour weight or extent of disease and regional spread. 
Residual disease after surgery, distant metastases and death 
occur more commonly in patients with a preoperative calcitonin 
concentration'®-?° > 10000 pg/ml. In the familial syndromes, 
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where MTC is diagnosed by calcitonin level rather than 
clinically, patients with a stimulated level < 1000 pg/ml have 
a 95 per cent chance of cure; this falls to 40 per cent with a 
level® > 10000 pg/ml. 

The calcitonin concentration doubling time has been 
suggested as a better prognostic indicator than preoperative or 
postoperative assay*°. Tumour growth, which influences 
survival rate, is defined by the initial or residual tumour volume 
after surgery and the tumour doubling time. The residual 
tumour weight may be derived from the calcitonin level and 
measurement of the time to doubling of the latter may allow 
estimation of the expected duration of survival following 


surgery. 


Immunohistochemistry 

Tumours that stain homogeneously for calcitonin using 
immunoperoxidase techniques carry an excellent prognosis 
compared with those with heterogeneously staining MTC cells, 
which behave aggressively and carry a poor prognosis”":??. 


Carcinoembryonic antigen 

CEA has been demonstrated immunohistochemically in MTC 
tissue, and raised plasma concentrations are occasionally found 
in patients with a high tumour burden who progress to 
metastatic disease without a parallel rise in calcitonin level?*:**. 
In early MTC, CEA and calcitonin are coexpressed in all cells, 
but in disseminated MTC an inverse relationship has been 
demonstrated between CEA and calcitonin staining: cells that 
stain poorly for calcitonin have large amounts of CEA and vice 
versa. This suggests that serial CEA measurements in addition 
to calcitonin levels may be important in some patients?*. 


Persistent hypercalcitoninaemia 


Stimulated calcitonin assays are performed 1 month after 
operation and, if normal, at annual intervals thereafter. If raised, 
levels are remeasured at 3 and 6 months. Elevations in plasma 
calcitonin concentration can occur without the site of 
recurrence being clinically obvious. The tumour may be 
indolent in its rate of growth and progression and so it must 
be shown that the effort of localization and repeat intervention 
is likely to be worth while. A reduction in calcitonin level may 
occur following removal of micrometastases at reoperation, but 
is seen most commonly in patients with sporadic MTC who 
have unilateral disease. Selective venous catheterization is not 
essential in these patients because recurrence will be on the 
same side as the primary lesion and unilateral modified radical 
neck dissection may be successful?®. 

In patients with bilateral disease, cervical lymph node 
metastases may be localized by venous blood sampling from 
the jugular, innominate and right hepatic veins after femoral 
vein catheterization. For  selective:peripheral calcitonin 
gradients > 2-5, histological confirmation of localization should 
be achieved in all cases; confirmation may be disappointing 
below this level?’. Histological verification of biochemically 
determined recurrence may not be obtained for several reasons: 
slowly growing microscopic foci may be undetectable and 
distortion of the cervical anatomy from previous surgery or 
radiotherapy may obscure dissection. Reoperation may not be 
indicated in patients with stable metastatic disease. Although 
previous reoperation and radiotherapy reduce the chances of 
biochemical cure, this may still occur in up to 30—40 per cent 
of cases following meticulous microdissection of the superior 
mediastinum and both sides of the neck?8, 

MTC may metastasize early to the liver and may be detected 
by hepatic arteriography. Venous sampling of calcitonin in 
peripheral and hepatic veins and the superior and inferior vena 
cava may localize hepatic metastases that are undetectable by 
conventional clinical and radiological investigation. A raised 
stimulated calcitonin level within 5 min of injection in the 
hepatic vein compared with levels in the inferior cava or 
peripherally is diagnostic. Normalization of the calcitonin level 


Medullary thyroid carcinoma: J. M. Dunn and J. R. Farndon 


is unlikely to be achieved in the majority of patients with 
persistent hypercalcitoninaemia, and radical resection of 


recurrent disease does not have proven long-term survival 
benefit?®?9, 


Metastatic medullary thyroid carcinoma 


The treatment of metastatic disease has been disappointing. 
Radiotherapy has been associated with tumour regression and 
prolonged survival in some cases*°, but the high incidence of 
complications such as radiation tracheitis and cervical fibrosis 
has restricted its use to patients with inoperable MTC and 
locally advanced or metastatic disease. Partial regression with 
doxorubicin has been reported in one series but not 
confirmed*’. Methotrexate, 5-fluorouracil, cisplatin and 
carmustine have not shown benefit??. MTC cells do not 
concentrate iodine and so $°! is of no benefit if total 
thyroidectomy has been performed?*-**. 


Screening 


Up to 20 per cent of patients presenting with apparently 
sporadic MTC are ultimately found to have relatives with C 
cell disease (hyperplasia or MTC)'*. All first-degree relatives 
over 1 year old should be screened by clinical examination and 
measurement of basal calcitonin levels, because patients with 
screen-detected disease have a good prognosis. The calcium- 
pentagastrin-stimulated calcitonin test is generally reserved for 
adults because the discomfort produced in children is unlikely 
to be justified*>. 

In at-risk patients, a basal calcitonin concentration 
<200 pg/ml and stimulated level > 1000 pg/ml (fivefold rise) 
is an indication for surgery. Relatives with stimulated calcitonin 
levels between 300 and 1000 pg/ml are observed and the assay 
repeated in 6 months. If persistent, the situation may be clarified 
by inferior thyroid vein catheterization and sampling of 
stimulated calcitonin®®. Patients with no clinical evidence of 
disease, normal basal and raised stimulated calcitonin levels 
are diagnosed at a younger age, have smaller primary tumours 
and a lower incidence of regional metastases and residual 
disease’®. Difficulties may arise with interpretation of assay 
results, for example in patients with a high basal calcitonin 
level but no significant rise on stimulation, a normal basal level 
with a less than twofold rise following stimulation, and those 
with a raised basal or stimulated calcitonin level that falls to 
normal over a short period of time’. The calcitonin 
concentration in sera stored at — 20°C may fall to a misleadingly 
low value after 4 weeks, and false-positive calcitonin level 
elevation occurs in pregnancy, thyroiditis, hypothyroidism and 
hyperthyroidism, as well as in other malignancies!*. 

The stimulated calcitonin assay detects over 90 per cent of 
carriers?” by the age of 30 years, but many years of repeated 
sampling may be required before the children of an affected 
parent can be excluded from risk. In 1987 the gene for MEN 2A 
was mapped by genetic linkage>®3° to a locus near the 
centromere of chromosome 10. It is hoped that the use of DNA 
markers around the MEN 2A locus may overcome some of the 
limitations of the biochemical screening test. The interstitial 
retinol-binding protein gene (RBP3) and DNA segments 
recognized by the MCK2 and TB14.34 probes are tightly linked 
to the gene for susceptibility to MEN 2A. Using a set of these 
polymorphic probes to examine DNA obtained from a single 
blood sample, it has proven possible to distinguish between the 
two versions of chromosome 10 of an affected parent, deduce 
which is carrying the susceptibility gene, and establish whether 
this has been passed on to an at-risk child. DNA marker 
analysis assumes that the chromosome location of the mutation 
responsible for MEN 2A is identical in all affected families*°. 
Genetic screening has significant advantages: the test need be 
performed only once and further pentagastrin testing may be 
performed less frequently than once a year, or even 
discontinued, in those relatives with low-risk estimates. A 


difficulty arises, however, in recommending thyroidectomy to 
patients who have genetic markers of susceptibility but normal 
stimulated calcitonin levels. Linkage studies using DNA 
markers at present show a 3 per cent risk of misdiagnosis and 
require the participation of many family members*+!, 
However, in combination with measurement of stimulated 
calcitonin level they will continue to provide a reliable screening 
method until the specific genetic abnormality in MEN 2A is 
characterized. 
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Adult respiratory distress syndrome (ARDS) is one of the most 
feared complications in surgical practice and, despite advances 
in intensive care, its associated mortality rate remains around 
60 per cent!-3. In particular, ARDS in patients with sepsis 
remains difficult to treat, even with the application of new 
generations of antimicrobial. drugs. In the past decade 
understanding of the pathophysiology of this condition has 
expanded enormously and a new approach to treatment has 
evolved, that of ‘biological response modification’. The genesis 
of this type of therapy relied on the realization that the 
fundamental pathophysiological event in ARDS is self-induced 
tissue injury: the host’s own immune system mediates alveolar 
capillary membrane damage. Current therapeutic studies are 
aimed at modifying or inhibiting critical aspects of the 
inflammatory response to reduce the lung injury. 

It is of interest that the aetiology of ARDS is so disparate 
and multifactorial, yet the pathological end-organ injury is 
remarkably singular*:>. The trigger that initiates a change in 
the immune system from defence to self-destruction and the 
immune components that are the primary cellular and humoral 
mediators in this process remain unknown and are the focus 
of ongoing research. This paper addresses the question of 
cellular mediators and, in particular, whether or not the 
neutrophil is implicated in the development of ARDS. 


Neutrophil cytotoxicity 


The neutrophil is undoubtedly capable of mediating the type 
of injury required to produce ARDS®*~. As a first line in cellular 
defence under normal conditions, neutrophils seek out and 
destroy invading organisms by using antimicrobial mechanisms 
tailored to the invader and its environment. The neutrophil 
armamentarium is conventionally divided into two types’ 
according to location within the cell: membrane-associated 
systems generate reactive oxygen metabolites and a cytosolic 
system of intracellular granules contains proteinases and other 
enzymes. 

Within the cell membrane, the énzyme reduced nicotinamide 
adenine dinucleotide phosphate (NADPH) oxidase?" shuttles 
electrons from cytosolic NADPH to molecular oxygen within 
the extracellular fluid, catalysing the reaction: 


NADPH oxidase 


20, + NADPH 





207 + NADP* + H+ 


10 


Adult respiratory distress syndrome (ARDS) remains a significant cause 
of morbidity and mortality in surgical practice. Despite the continued 
advance of surgical technique and therapy, the mainstay of treatment 
of ARDS remains supportive. In the past decade cytokines have been 
found to be primary chemical mediators of the host response to 
inflammatory disease. The polymorphonuclear leucocyte has also 
emerged as a possible cellular mediator of the end-organ damage that 
characterizes these inflammatory processes. The role of the neutrophil 
as the primary cellular mediator of alveolar capillary membrane injury 
in ARDS remains controversial. This article reviews the relevant current 
literature and considers the implications of the prevailing evidence on 
future management of this syndrome. 


This reaction generates two molecules of the superoxide radical 
(OZ). Although able to react with biological substrates!*, 
superoxide radicals preferentially interact at physiological pH 
in a dismutase reaction to form a molecule of hydrogen 
peroxide: 

superoride dismutase 
SEE EERE a 


20; +2H* H,O, + O, 

Although hydrogen peroxide is also able to react with biological 
substrates'*!*, much of it is channelled into the production of 
a long-lived oxidant, hypochlorous acid (HOCI) 5+6, 


H0, + Cl? 4 Ht = Od + H;0 
This reaction requires the enzyme myeloperoxidase", released 
from the cytosolic neutrophilic granules, to provide a link 
between the two arms of the neutrophil armamentarium. 
The long- and short-lived oxygen radicals formed by these 
reactions are unstable and extremely reactive; they are 
capable of disrupting the lipid membranes of neighbouring 
cells by peroxidation. They prevent normal actin metabolism 
within the cell cytoplasm!’ by altering cellular adenosine 
5’-triphosphate (ATP) and calcium levels, resulting in changes 
in endothelial cell shape and hence a capillary leak typical of 
ARDS. In addition, oxygen radicals induce damage to cellular 
DNA®. This results in consumption of NAD to maintain DNA 
levels. NAD is therefore channelled away-from synthesis of the 
NADP-—NADPH system, with: catastrophic consequences for 
cellular metabolism, in particular ATP production and the 
maintenance of reduced glutathione pools. ` 
The cytosolic system of neutrophil granules contains a large 
family of proteolytic enzymes, bactericidal proteins, lysozyme 
and lactoferrin'®:!9. Proteolytic enzymes, in particular elastase, 
gelatinase and collagenase, have the potential to degrade much 
of the local host environment, which consists of collagen, elastin 
and basement membrane. Destruction of all or part of these 
connective tissue elements is characteristic of advanced lung 
injury in ARDS?°?!, In the usual sequence of events during a 
typical acute inflammatory response, the local action of 
circulating antiproteinases**:?? limits the destructive potential 
of the neutrophil to within phagocytic vacuoles. Similarly, 
during the normal response to pathogens, the destructive 
potential of neutrophil-generated reactive oxygen metabolites 
is limited by oxidant scavengers, such as superoxide dismutase 
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and catalase?*, which are present in both the circulation and 
endothelial cells. It is of interest that circulating mature 
neutrophils are unable to manufacture elastin?*; they merely 
store this enzyme in granules. Neutrophils, however, do express 
the gene for «,-antitrypsin and are able to translate and secrete 
this protein in response to activation?®. The neutrophil 
therefore provides in a limited way its own autoregulation 
against host injury. Furthermore, there exists a paradoxical 
interaction between neutrophil oxidant and the proteinase 
systems. Oxidants are able to inactivate proteinase inhibitors 
while activating other proteinases?”:?®, therefore enhancing the 
destructive potential of the neutrophil. There thus exists a 
delicate balance between local tissue destruction and protection 
that, when disturbed, may result in the development of 
widespread injury. 


Neutrophil physiology 


The concept of neutrophil-mediated tissue injury is not new. 
In 1887, Metchnikoff*? performed seminal observations on the 
comparative pathology of inflammation; since then, the 
neutrophil has been implicated as responsible for many 
inflammatory conditions. Knowledge of normal neutrophil 
physiology is essential to understanding how this cell 
participates in the pathophysiology of sepsis. In 1910, 
Andrews*° speculated that: 


‘If the bone marrow is the birthplace of the neutrophil and the 
spleen is their ultimate tomb, while the blood is their means of 
transit, the lungs may serve as a weekend retreat where they 
may recuperate their energies’. 


This illustrates two fundamental aspects of normal neutrophil 
kinetics. First, the cells exist at equilibrium in three separate 
pools: bone marrow, intravascular and interstitial?!. Second, 
the pulmonary vascular bed is a major neutrophil reservoir, 
storing between 50 and 60 per cent of the total intravascular 
pool??. 


Neutrophil kinetics 


The accumulation of neutrophils in normal lung vasculature 
and the vulnerability of the alveolar capillary membrane to 
injury under conditions of inflammatory stress seem more than 
coincidental. Neutrophils located in this pulmonary reservoir 
were thought to exist ‘marginating’ or rolling along vessel walls 
as a result of weak attractive forces and particle flow 
characteristics**:3*. This marginating phenomenon has been 
demonstrated in postcapillary venules in systemic vascular 
beds?*; however, recent evidence*® suggests that the pulmonary 
circulation is unique in this respect, in that the majority of 
neutrophils in the lung are found in capillaries. Lien et al.>” 
elegantly demonstrated, by videomicroscopy of the subpleural 
pulmonary circulation in dogs, that neutrophils were exclusively 
held up in the capillary beds and not in the postcapillary 
venules. Hogg’? suggested that the anatomy of the pulmonary 
circulation and its low-pressure circuit are responsible for this 
capillary retention. The estimated 277 x 10° capillary segments 
in the human lungs have a mean diameter’? of 5 um; 
neutrophils larger than this in diameter must therefore deform 
to pass’ through this network. The same might be true of 
erythrocytes, which are similar in size to neutrophils, but the 
latter are much stiffer as a result of a more complex cytoplasm*°. 
Far from being a static pool of cells, neutrophils delayed in 
capillary transit are in constant flux with the circulating fraction 
of the intravascular pool, and an inverse relationship exists 
between-the size of the intrapulmonary pool and pulmonary 
arterial blood flow*®*!, This relationship may well have 
pathological consequences during conditions of low flow such 
as haemorrhagic or septic shock. Subsequent activation of 
accumulated neutrophils by the action of local proinflam- 
matory mediators may result in the development of ARDS-like 
capillary injury. In addition to the impedance of narrow 
pulmonary capillaries, changes in the cytoviscosity of the 
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neutrophil will alter its ability to negotiate the pulmonary 
vascular bed. Worthen et al.*? demonstrated that altering cell 
stiffness by neutrophil activation or pharmacological disruption 
of the cytoskeleton altered the cell’s ability to pass through 
5-um filters. They also postulated that increase in cell stiffness, 
in response to activation by inflammatory mediators, is the 
initial mechanism by which neutrophils are sequestered in the 
lung after sepsis. Although recent evidence indicates this early 
sequestration may also be a specific receptor-mediated 
phenomenon, it seems likely that the physical restraints of the 
pulmonary capillary bed and adhesion receptor mechanisms 
both play a role in early neutrophil kinetic responses to sepsis. 


Neutrophil chemotaxis 


The distribution of neutrophils within the intravascular pool 
is also affected by their response to local inflammation. 
Numerous chemical mediators, known as chemoattractants and 
produced in response to local inflammation, cause the cell to 
move in specific directions. Thus, neutrophils can be recruited 
to areas of local inflammation by chemotaxis along chemical 
concentration gradients. 

The best known'!-*? of these numerous chemoattractants 
are C5a (one of the cleaved protein fragments produced by 
activation of both the alternate and classical pathways of the 
complement cascade), formylmethionyl peptides of bacterial 
origin, platelet-activating factor and leukotriene B,. Interleukin 
(IL) 8, a recently characterized proinflammatory cytokine, is 
the most specific and potent for neutrophils**~*. It is a 6-5-kDa 
protein of the supergene family and is produced by tissue 
macrophages in response to endotoxin. IL-8 is subsequently 
produced by fibroblasts and endothelial cells in response to 
other cytokines, such as tumour necrosis factor alpha (TNF-a) 
and IL-1, also secreted in response to endotoxin**. This 
‘networking’ permits the establishment of a chemoattractant 
gradient across vascular endothelium, notably the alveolar 
capillary membrane in the lung, along which neutrophils will 
migrate**-**. The gradient is further enhanced by the flow of 
blood across the luminal surface of the endothelium which 
continually washes out IL-8, reducing its local concentration 
relative to the abluminal surface. 


Neutrophil adhesion and migration 


In response to the invasion of pathogens, neutrophils must 
change from loosely associated cells of the pool within the 
pulmonary circulation to activated cells within lung tissue, 
primed for phagocytosis and cell killing. This change is 
characterized by neutrophil adherence to, followed by 
migration across, the endothelial cell layer?”. Adherence and 
migration rely on activation of both neutrophils and endothelial 
cells. This activation results in expression of a sequence of 
surface glycoprotein adhesion receptors whose role is to 
sequester neutrophils at a site of inflammation. These 
glycoproteins on the neutrophil surface are known as 
integrins*’~**. Integrins consist of a common £f, or cluster 
differentiation (CD)18 chain covalently linked to one of three 
different « chains (CD11a, CD11b or CD1ic) and existing on 
the cell surface as three distinct heterodimers. CD11a-CD18 
is expressed on all leucocytes whereas CDilb-CDi8 and 
CD11c-CD18 are restricted to cells of myeloid origin*®. 
Neutrophil integrins react with complementary surface proteins 
on stimulated endothelial cells designated endothelial cell 
leucocyte adhesion molecule (ELAM), intercellular adhesion 
molecule (ICAM) and granule membrane protein 140 
(GMP-140)°°51, The exact nature and sequence of this 
interaction are unknown, although the process is currently 
considered to be a two-stage one®*~*> (Figure 1). Following 
exposure to proinflammatory peptides (e.g. cytokines and 
complement), inflamed endothelium increases its surface 
expression of ELAM, a protein synthesis-dependent process. 
The neutrophil ligand for ELAM is a member of the selectin 
family of adhesion receptors*®, a group of molecules with a 
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Cytokines 





Figure 1 Two-step migration of neutrophils across the endothelial cell 
layer. a Unstimulated neutrophils expressing lectin adhesion molecule 
(LECAM) (@) are targeted and removed from the circulation by 
attachment to inflamed endothelium expressing endothelial cell leucocyte 
adhesion molecule (ELAM) (M). b Local chemical mediators activate 
the neutrophils with upregulation of cluster differentiation {CD} 
J1b-CD18 integrins (0 ). Attachment to intercellular adhesion molecule 
receptors on the endothelium (M) provides strong adhesive forces. 
c Concomitant downregulation of LECAM on the neutrophil permits 
unopposed CD18-dependent transendothelial migration 


common N-terminal lectin domain that are responsible for 
targeting and localizing phagocytes to the site of inflammation. 
Designated lectin adhesion molecule (LECAM), this receptor 
is expressed on unstimulated neutrophils. The LECAM- 
ELAM binding arrests the neutrophils at the site of inflamed 
endothelium, removing them from the marginating pool. As a 
result of this process the cells are bathed in a host of locally 
produced inflammatory mediators and are subsequently 
themselves activated. This results in an upregulated expression 
of the CD11b-CD18 receptor, increasing both its surface 
number and probably receptor configuration*®. The up- 
regulated CD11b receptors bind to endothelial ICAM, the 
expression of which is also increased on the inflamed 
endothelium. This ligand-receptor complex provides the strong 
adhesive forces necessary for migration of the neutrophil across 
vascular endothelium5’. Coincident with rapid upregulation of 
CD11b receptors is an equally rapid shedding of LECAM 
receptors**, resulting in release of the initial arresting receptor 
complexes. Firmly established CD18-ICAM interaction then 
allows unopposed neutrophil migration. 

It should be noted from this that both endothelial receptors 
ICAM and ELAM require protein synthesis for maximal 
expression®®-*9 and are therefore likely to mediate their action 
late in the inflammatory process. Recent evidence suggests that 
the selectin GMP-140 is the key endothelial receptor mediating 
early neutrophil sequestration in response to inflammation. 
GMP-140 is stored preformed in Wiebel—Palade bodies of 
endothelial cells®°. It can be mobilized to cell surfaces within 
minutes of endothelial activation? and binds to unstimulated 
neutrophils via the LECAM receptor®'. Lawrence and 
Springer®? demonstrated that GMP-140-LECAM interaction 
is probably the molecular basis of leucocyte rolling on inflamed 
endothelium, observed by Cohnheim®* more than 100 years 
ago. They also demonstrated that this rolling—adhesion 
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Figure2 Microenvironment theory of neutrophil-mediated tissue injury. 
a Circulating scavengers inactivate toxic neutrophil metabolites; 
b protected microenvironment allows endothelial injury by toxic 
neutrophil metabolites; and ¢ cluster differentiation (CD)11-—CD18 
integrins engaged in endothelial cell leucocyte adhesion molecule or 
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phenomenon is required for subsequent integrin-ICAM 
binding and migration. It is apparent, therefore, that the process 
of adhesion and migration is complex and requires coordinate 
expression of a number of surface receptors. 

The precise stage during this sequence at which neutrophils 
mediate their pathological injury is unclear, although the 
microenvironment theory is currently popular? (Figure 2). 
This theory suggests that adherence of activated neutrophils to 
endothelium creates a microenvironment into which the cells 
secrete toxic products such as reactive oxidant metabolites and 
proteases. This microenvironment between neutrophil and 
endothelium is protected from the action of circulating oxidant 
scavengers and antiproteinases, and permits unchecked 
endothelial injury to develop. It is likely, however, that 
indiscriminate outpouring of oxidants and proteinases from 
neutrophils that have migrated to the interstitium in response 
to excessive.cytokine production might also mediate significant 
tissue damage. Therefore, the microenvironment theory may 
not offer the only means of endothelial damage. 

In summary, the localization of neutrophils at sites of 
inflammation and their subsequent activation with resultant 
local tissue injury is a multifaceted response. Chemotaxis, 
pulmonary capillary accumulation resulting from low pul- 
monary blood flow in shock, and specific adhesion-mediated 
sequestration all play a role in isolating neutrophils in the lung 
where they are capable of mediating the tissue injury typical 
of ARDS. 


Cytokines 


Proinflammatory mediators*** that give rise to neutrophil or 
endothelial cell activation and enhanced adhesion receptor 
expression stand at the centre of the septic response. It is this 
complex network of cytokines, complement degradation 
products, eicosanoids, platelet activators and numerous other 
chemicals that coordinates the normal inflammatory response. 
It is probable that loss of control of this system allows the 
widespread destruction characteristic of ARDS and multisystem 
organ failure. A detailed description of this network is beyond 
the scope of this review; however, increased understanding®*©® 
of the cell-derived proinflammatory peptides known as 
cytokines has greatly enhanced understanding of ARDS and 
these are mentioned here. Of the numerous cytokines 
characterized to date, four appear to be of primary importance 
in the response to sepsis: IL-8 (previously discussed), TNF-a, 
IL-1 and IL-6. 
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Tumour necrosis factor alpha 

TNF-a, a proinflammatory cytokine made predominantly by 
cells of macrophage or monocyte lineage in response to bacterial 
endotoxin®’, is now ee ser as a primary mediator of the 
host response to sepsis®*-7°, Pretreating mice’!, rabbits??, 

baboons’*”* and pigs’* with a monoclonal antibody to TNF-a 
reduced mortality rates and modified the course of sepsis 
following administration of endotoxin or lethal numbers of 
Gram-negative bacteria. TNF-« activates neutrophils and 
upregulates adhesion receptors, which promotes neutrophil 
adhesion and subsequent tissue sequestration’®. TNF-a causes 
neutrophil degranulation and production of toxic oxygen 
species while promoting differentiation of myelogenous cells to 
monocytes and macrophages. Endothelial cells exposed to 
TNF-« in vitro become elongated and spindle shaped, leading 
to the appearance of gaps between them, a defect typically 
observed in the lungs of patients with ARDS. TNF-« liberates 
arachidonic acid from membranes, promoting the formation of 
cyclo-oxygenase and lipoxygenase metabolites. Originally 
named cachectin, TNF-a plays a major metabolic role and is 
pearl to be partly responsible for the cachexia of malignant 
disease®® 


Interleukin 1 

IL-1 is another cytokine produced predominantly by 
macrophages, although it can be synthesized by a wide range 
of cells (with the notable exception of erythrocytes)’. Its 
biological actions overlap those of TNF-a but appear to be less 
dramatic’®. It also activates neutrophils, promotes myeloid 
differentiation, stimulates osteoclasts and fibroblasts, and may 
have a role in the resolution of inflammation. Systemic injection 
into both animal and human subjects induces fever, 
hypotension, neutropenia and increased hepatic acute-phase 
protein synthesis’®. Interestingly, IL-1 and TNF-a act 


synergistically®° to produce hypotension and haemorrhagic 
lung injury at significantly lower doses than when given 
separately®°, Inhibition of the activity of IL-1 by specific 
monoclonal antibodies that block the IL-1 receptor or the IL-1 


Endotoxin 


Complement 
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molecule itself has also been shown to attenuate the course of 
sepsis’®-81 


Interleukin 6 

IL-6 is a pleiotropic cytokine, capable of inducing fever and 
modulating protein production in the liver in favour of 
acute-phase reactant synthésis®?-®*. It is also an important 
regulator of B and T cell function and stimulates differentiation 
of stem cells in the bone marrow. It is produced b y monocytes, 
macrophages, endothelial cells and fibroblasts®*-**. Production 
of IL-6 is induced by other cytokines?” such as TNF-a and 
IL-1. Raised plasma levels of IL-6 are found in many 
inflammatory conditions including bacterial meningitis®® 
septic shock®9, malaria®°, rheumatoid arthritis’! and mesangial 
proliferative glomerulonephritis®?. 

The temporal pattern of cytokine production is consis- 
tent?>-°*, IL-1 appears early in sepsis, within 1 h, followed by 
TNF-a at about 1-2 h and IL-6 at 3—4 h. Whereas IL-1 and 
TNF-a concentrations peak transiently, the IL-6 surge is 
sustained for a considerably longer period®*; the importance 
of this in the genesis of tissue injury is uncertain, although it 
seems that the sequential cytokine surge is critical to the 
evolution of the septic response. Blocking the biological activity 
of an isolated cytokine by monoclonal antibody infusion not 
only reduces the levels of other cytokines but also attenuates 
end-organ damage®>*°. 


Neutrophil: friend or foe? 


Thus the neutrophil is a primary defence cell that is rapidly 
sequestered at the site of inflammation in response to 
stimulation by the cytokine network. In addition, it is armed 
with a broad range of antimicrobial mechanisms that are 
equally capable of mediating local host tissue injury (Figure 3). 
Evidence for its role in the genesis of ARDS is reviewed below. 

In 1968, Kaplow and Goffinet?” first noted a relationship 
between neutropenia developing during haemodialysis and 
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pulmonary dysfunction. It was later hypothesized by Craddock 
et al. that systemic complement activation stimulated 
neutrophils and led to their sequestration in the lung 
microvasculature®*®, This complement theory has been 
superseded by evidence suggesting that endotoxin and cytokine 
networks act as primary chemical initiators of sepsis. However, 
the concept that neutrophils mediate lung damage remains a 
central theme of research into lung injury. 

Histological evidence for the importance of the neutrophil 
can be obtained from autopsy study of lungs of patients who 
have died from ARDS. Invariably, tissue examination shows 
large numbers of neutrophils sequestered in the lung 
microvasculature®*-!°!, Further evidence is provided by studies 
that show recovery of large numbers of neutrophils from 
bronchoalveolar lavage of patients suffering from ARDS!°?103, 
High levels of proteinase activity are found in the same lavage 
fluids, suggesting that neutrophils rapidly migrated from the 
vascular space and were actively degranulating}°4-!°°. Weiland 
et al.!°° correlated the presence of neutrophils in the lavage 
fluid of patients with ARDS with clinically deteriorating arterial 
oxygen saturation. Animal experimentation has provided the 
bulk of the evidence supporting a role for the neutrophil in 
mediating lung damage. Correlations exist between the 
appearance of neutrophils in lavage fluid and the development 
of an acute peripheral neutropenia reported in numerous animal 
models of sepsis-induced acute lung injury!°’-1!°. In addition, 
depletion of neutrophils before injury attenuates the resulting 
lung damage!!!-1!5, Radiolabelling of neutrophils in both 
humans and animal models shows the cells to be quickly 
sequestered in the lung after the onset of sepsis'!®. More 
recently, functional manipulation of the neutrophil has 
provided striking evidence of its importance in ARDS. 
Inhibition of the neutrophil oxidant burst using cyclo- 
oxygenase inhibitors such as ibuprofen leads to attenuation of 
lung injury in animal models'!7!'8. This occurs whether 
ibuprofen is used before or after injury. Monoclonal antibodies 
directed against the CD11b and CD18 components of the 
adhesion receptor complex significantly attenuate lung injury 
and prevent the neutropenta associated with tissue seques- 
tration during sepsis''9:!2°, These observations support the 
microenvironment theory of lung injury as well as incriminating 
the neutrophil. Preventing adherence interferes with formation 
of the microenvironment, while inhibiting the oxidant burst 
robs the neutrophil of one of its primary means of cytotoxicity. 
Early morphological evidence merely suggested an association 
between neutrophils and lung damage; this attenuation of lung 
injury by preventing neutrophil adhesion, activation or oxidant 
radical generation is indicative of a causal relationship. 

Studies are by no means one-sided in favour of the 
neutrophil. Although not as extensive, evidence against the 
neutrophil being the essential cellular mediator is no less 
convincing. The most influential data come from isolated 
reports that patients who are severely neutropenic secondary 
to chemotherapy can still develop ARDS!*!+!?*, These findings 
suggest that other cellular or chemical mediators are capable 
of causing lung injury. It is interesting to note, however, that 
Rinaldo and Borovetz reported a further deterioration in lung 
mechanics with resolution of neutropenia‘??. Also, the evidence 
regarding recovery of neutrophils from bronchoalveolar lavage 
may be misleading since large numbers of such cells are seen 
in patients at high risk of ARDS before the syndrome becomes 
established, and equal numbers are seen in patients with other 
unrelated lung pathologies*. Furthermore, other authors have 
reported that preinsult neutrophil depletion provides no 
protection from lung injury’?*?°. These studies suggest that 
the presence of neutrophils in patients with ARDS may be only 
a marker not a causal agent of lung injury. 


Conclusion 


In summary, the evidence is contradictory and a definitive 
statement on the role of the neutrophil in lung injury remains 
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elusive. Numerous authors have argued both for and against 
a major role with equal conviction!?©"!2°, The most striking 
evidence remains the use of monoclonal antibodies to block 
neutrophil adhesion receptors and the inhibition of the 
neutrophil oxidant burst. The reduction in tissue sequestration 
and attenuation of lung injury suggest a major role for the 
neutrophil in ARDS. However, proponents of non-neutrophil 
mediated injury cite ARDS in neutropenic patients as the most 
convincing evidence that other mechanisms are involved. 
Despite the current level of understanding of the patho- 
physiology of ARDS, the answer to the neutrophil issue remains 
equivocal. Undoubtedly neutrophils have a destructive 
potential and under certain circumstances do mediate lung 
injury. It seems equally clear that it is possible to generate an 
ARDS-like injury in the absence of neutrophils, but that the 
inclusion of such cells aggravates the injury. In addition, the 
beneficial effects of modifying neutrophil adhesion and function 
on the development of lung injury suggest that the cell is a 
‘villain’ in this particular plot. Therapeutic strategies aimed at 
preventing these biological actions may, therefore, prove to be 
of benefit in a clinical setting in those patients thought to be 
at risk of developing ARDS. 


Therapeutic implications 

The realization that alveolar capillary damage is the result of 
a host inflammatory response has heralded a new approach to 
the treatment of ARDS. Early clinical trials examining the 
effects of monoclonal antibodies designed to block the activity 
of endotoxin, thus preventing the initiation or prolongation of 
the inflammatory response, have been completed. Results show 
a lower mortality rate in patients with Gram-negative 
septicaemia and established septic shock!3°-!3!. Clinical trials 
are currently under way to examine the efficacy of monoclonal 
antibodies to both TNF-« and the IL-1 receptor; early reports 
appear encouraging'??. In addition, as a result of beneficial 
effects of neutrophil and endothelial cell adhesion receptor 
blockade on the development of ARDS in animal studies, it is 
probable that clinical trials will soon begin to examine these 
effects in humans. 

Early results of biological response modification suggest that 
this strategy may provide significant clinical benefit in the 
future; however, a fundamental concern remains. The cellular 
and chemical response to sepsis is an integral part of the host 
immune response; inhibiting or altering this response may 
attenuate the resultant injury but may also expose the host to 
overwhelming secondary infection. This risk is illustrated by 
patients in whom neutrophils are deficient in the common CD18 
subunit of the surface adhesion receptor, a condition known 


- as leucocyte adhesion deficiency'**. Such patients suffer 


recurrent bacterial infection and have an increased mortality 
rate. Anima! studies also demonstrate that use of a monoclonal 
antibody to the CD18 receptor increases the formation of 
metastatic abscesses on exposure to high-dose bacterial 
innoculation!**, As a consequence of this potential side-effect 
there has been increasing interest in attempts to modify the 
end-organ response to neutrophil-mediated tissue injury 
without affecting neutrophil or immune system function. Drugs 
that stabilize the endothelial monolayer by modifying the 
cellular cytoskeleton have been shown to attenuate permeability 
injury in lung and skeletal muscle following ischaemia— 
reperfusion!?*-!3°, The effect of these drugs in sepsis is currently 
under investigation. It may also be possible to increase the 
endothelial cell’s ability to withstand oxidant injury by 
upregulating intracellular glutathione metabolism, although 
this possibility is as yet experimental. 

Questions remain as to the future directions of ARDS 
research, and why only some patients at high risk of ARDS 
eventually develop the full-blown injury. It is unclear whether 
ARDS is simply a dose-response effect in which massive 
systemic release of cytokines and other chemical mediators, in 
response to a primary insult such as endotoxin, leads to 
large-scale activation of neutrophils and direct toxic damage 
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that inevitably results in alveolar capillary injury. Alternatively, 
there may be a more complex trigger mechanism that 
specifically changes the immune response to one of host 
destruction. The next decade may well provide answers to such 
questions and afford the clinician more effective therapeutic 
agents to combat ARDS and its sequelae. 
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Acute appendicitis, the most common cause of an acute 
abdomen requiring surgery, is complicated by the development 
of a periappendicular mass in 2-6 per cent of cases’. The 
appendiceal mass is the end result of a walled-off appendiceal 
perforation. Pathologically it may represent a spectrum ranging 
from phlegmon to abscess. The former is an inflammatory 
tumour consisting of the inflamed appendix, its adjacent viscera 
and the greater omentum. The latter is a pus-containing 
appendiceal mass. Patients who have appendicitis and a mass 
tend to have a longer duration of symptoms and present to 
medical attention after 5-7 days; the condition is probably seen 
less commonly nowadays as a result of improved patient and 
physician education!:?. Fever and white blood cell count are 
higher than in uncomplicated appendicitis. However, clinical 
distinction between a periappendicular phlegmon and a 
liquefied appendicular abscess is notoriously difficult? At 
operation, appendiceal masses are found to contain from none 
to a few hundred millilitres of pus*; between a classical 
phlegmon and a typical abscess there is a ‘grey area’ of 
intermediate clinical characteristics and natural history. 
Occasionally, because of abdominal wall guarding and/or 
obesity, the mass becomes palpable only when the patient is 
anaesthetized for operation*. All these factors have resulted in 
confusion in the literature, which often lacks consistency in 
using the terms appendiceal mass and abscess®: many authors 
incorrectly use ‘abscess’ to describe the whole spectrum of 
appendiceal masses®!°, f 


Evolution of treatment 


Although the operative treatment of acute appendicitis is widely 
accepted, management of the condition complicated by a 
palpable mass has evoked controversy for more than 100 years. 
Murphy encouraged a limited operation with drainage of pus 
and removal of the appendix ʻif it be accessible and easily 
amputated”!, He was also the first to recommend interval 
appendicectomy after simple abscess drainage, during a ‘quiet 
period’!!. In the early years of this century, an initial 
non-operative approach was introduced by Ochsner!? because 
of the fear that infection would be spread by early surgical 
intervention. Simple drainage was performed in patients 
suspected of having an abscess and elective interval 
appendicectomy practised at a later stage to prevent recurrent 
appendicitis!>. A‘few decades later, with improved anaesthesia, 
better supportive care, and the introduction of antibiotic 
therapy, surgeons advocated immediate operation and 
appendicectomy for any stage of acute appendicitis. 
Protagonists of immediate appendicectomy claimed that the 
procedure could be performed safely and that the total hospital 
stay was reduced by eliminating the readmission for interval 
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An appendiceal mass is the end result of a walled-off appendiceal 
perforation and represents a pathological spectrum ranging from 
phlegmon to abscess. Over the past decade, improved imaging and 
interventional radiological techniques have allowed a more accurate 
definition of pathology and thus a more specific and less invasive 
management than was previously possible. A management policy should 
be possible that allows over 80 per cent of patients presenting with an 
appendiceal mass to be safely spared an open operation. 


appendicectomy*!*°, In addition, patients were spared the 
risk of recurrent appendicitis and the inconvenience and 
morbidity of elective appendicectomy’. Advocates of the 
conservative approach stressed, on the other hand, that early 
appendicectomy may disseminate infection and that the 
procedure could be hazardous. Dissecting out the conglomerate 
of inflamed oedematous tissue could damage nearby bowel and 
result in a fistula™!5. Furthermore, the inflammatory 
appendiceal mass may be mistaken for a malignant caecal 
tumour; this occasionally resulted in unnecessary right 
hemicolectomy!*!°, 

Currently the preferred approach to an appendiceal mass 
appears to be conservative’:®1°!1.17, Conventional manage- 
ment policy is described in a recent edition of a popular surgical 
textbook?: the patient is placed on a regimen of bed rest, 
maintained on fluids only, with broad-spectrum antibiotics 
given intravenously. The majority of masses resolve on this 
regimen. Should the swelling and/or signs of infection persist, 
the diagnosis of an abscess is established and this is drained, 
preferably via an extraperitoneal approach. Appendicectomy is 
performed only ‘if the appendix readily comes to hand’. 
Whether resolution occurs or whether surgical drainage is 
required, elective appendicectomy is recommended after an 
interval of about 8 weeks. 

Advances in diagnostic abdominal imaging and invasive 
radiological techniques have revolutionized the general 
management of abdominal abscesses. This review examines the 
impact of these developments on the modern treatment of the 
appendiceal mass. In addition, the present role of interval 
appendicectomy is critically scrutinized. 


Modern imaging of an appendiceal mass 


Reports comparing the results of various imaging techniques 
for the appendiceal mass are difficult to assess as both phlegmon 
and abscess tend to be included indiscriminately. The inability 
to distinguish accurately between the two hampers decision 
making and complicates treatment. Accumulated experience 
suggests that the use of non-invasive imaging by ultra- 
sonography and computed tomography (CT) provides early 
accurate diagnosis and enables an appropriate initial clinical 
management? 18-23, 

Bagi et al. used abdominal ultrasonography in 40 patients 
with an appendiceal mass. An abscess was diagnosed as a 
rounded or irregularly outlined sonolucent structure containing 
smali echogenic particles close to the caecum. If only 
thick-walled liquid-containing intestine or nothing abnormal 
was noted, the mass was regarded as a phlegmon!®:!9. Nine 
patients diagnosed as having an appendiceal phlegmon 
recovered without treatment. In the remaining 31 an abscess 
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was diagnosed. Fourteen of these patients were initially 
managed conservatively: 12 recovered, one was subsequently 
operated on for suspected, but not verified, free perforation and 
the last underwent surgery for intestinal obstruction. The 
remaining 17 patients with abscesses were treated by 
percutaneous catheter drainage: 16 recovered uneventfully and 
one was operated on for suspected, but again unverified, 
intraperitoneal rupture'®!°_ Others have uncovered various 
problems with ultrasonography (the sonographic appearance 
may be variable with echogenic abscess and sonolucent 
phlegmon) and have suggested that contrast-enhanced CT is 
a more reliable method for differentiating phlegmon from 
liquefied pus?-?°-?3, 

On contrast-enhanced CT, periappendiceal phlegmons 
appear as soft tissue high-density masses, while abscesses are 
significantly lower in density. Contrast enhancement is essential 
to discriminate between areas of solid inflammatory tissue and 
liquid pus. Visualization of an appendicolith is a finding 
specific for appendicitis?*. 


Selection of management 


Based on their appearance on CT, Jeffrey separated appendiceal 
masses into three categories that influenced clinical manage- 
ment?. Phlegmons and abscesses <3 cm in maximum diameter 
were defined as group I, larger but well localized abscesses as 
group II and extensive periappendicular abscesses involving 
multiple intraperitoneal or extraperitoneal compartments as 
group LI. Thirty-two patients in group I were treated solely 
with antibiotics, giving complete resolution of inflammation in 
88 per cent. Group II comprised 28 cases; CT-guided 
percutaneous catheter drainage was successful in 26. Two 
patients had small recurrent abscesses a few weeks after 
drainage that resolved completely with further antibiotic 
therapy. Ten patients were placed in group NI; all underwent 
surgical drainage, with one death from sepsis. Interestingly, of 
the nine surviving patients, three had false-positive CT 
diagnoses of periappendicular abscess, the correct diagnoses 
respectively being ruptured caecal lymphoma, perforated caecal 
diverticulum and ruptured ovarian cyst. The high success rate 
of CT-guided percutaneous drainage for appendiceal mass has 
been confirmed by others?°-2?-25, 

As after surgical drainage of an appendiceal abscess, a caecal 
fistula may also develop following percutaneous drainage??. 
Nunez et al. performed tube abscessograms in 19 cases; bowel 
communication was revealed in five??, These low-output 
fistulas to the caecum or base of the appendix are of little 
clinical significance because all eventually undergo spontaneous 
closure?. 


Role of elective interval appendicectomy 


Classically, following the successful non-operative management 
of an appendiceal phlegmon or after the simple drainage of an 
appendiceal abscess, elective interval appendicectomy was 
performed!!. Such a policy, although recommended even 
today?, has recently been questioned>-°-8-13:17.18 The apparent 
role of interval appendicectomy is to prevent repeated episodes 
of acute appendicitis and to eliminate the possibility of missing 
the true diagnosis of other conditions masquerading as an 
appendiceal mass. 

The mean reported incidence of recurrent appendicitis in a 
collected series of 329 patients managed conservatively during 
the past three decades was 13-7 (range 0-20) per cent. The 
danger of recurrence’” is greatest during the first year after the 
initial episode and minimal after 2 years. 

The incidence of other pathologies labelled initially as an 
appendiceal mass has been reported!’ to be 0-12 per cent. The 
list of misdiagnosed entities is long and includes benign and 
malignant tubo-ovarian conditions, mesenteric tumours, 
carcinoid of the appendix®, pancreatic pseudocyst’’, regional 
enteritis'+ and ruptured caecal diverticulum?*. However, the 
main source of anxiety is a malignant caecal tumour 
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that presents initially as an inflammatory appendiceal 
mass®”+!4.23.26 Consequently, most authors believe that 
patients over the age of 40-50 years should undergo routine 
barium enema examination or colonoscopy after resolution of 
the acute episode? ™??:?6, Patients with continuous symptoms, 
in the face of normal colonic studies, should be investigated 
with repeat abdominal CT or even laparotomy. Theoretically, 
routine elective appendicectomy may be safely omitted in more 
than 80 per cent of patients*’. 


Conclusions 


During the past decade, improved imaging and interventional 
radiological techniques have allowed more accurate distinction 
between appendiceal phlegmon and abscess, and thus more 
specific and less invasive-management. All-patients presenting 
with an appendiceal mass should initially be treated 
conservatively. In the absence of rapid improvement, or when 
clinical features of an abscess are present, abdominal 
ultrasonography or CT should be performed. When a phlegmon 
or small abscess is demonstrated, conservative treatment should 
be continued. Larger abscesses are best treated with 
percutaneous drainage, while complex multilocular abscesses 
should be managed by open operation?’, preferably via an 
extraperitoneal approach?°. When rapid clinical improvement 
does not follow, or when the diagnosis of intra-abdominal 
infection from other sources is entertained, operative 
intervention should not be delayed?’. Routine elective interval 
appendicectomy is not recommended. However, patients over 
the age of 40 years should be followed with appropriate 
radiological studies to exclude abdominal malignancy. 

Nowadays an appendiceal mass, treated either conservatively 
or, by operation, very seldom leads to death. Similarly, elective 
resection of the appendix is a safe operation. Therefore, other 
measurements of the efficacy of the therapeutic choices must 
be used. The morbidity rates and cost—effectiveness of the 
various approaches are difficult to assess from the available 
retrospective reports. Sadly, there is a lack of properly designed 
prospective randomized studies, and so the therapeutic options 
available today cannot be compared with confidence. However, 
from the data presented here, it is clear that over 80 per cent 
of patients presenting with an appendiceal mass might in 
principle be spared the inconvenience of open surgical 
intervention. This aim is logical and such an approach is safe. 
It should be adopted. 


References 


1. Armnbjornsson E. Management of appendiceal abscess. Current 
Surgery 1984; 41: 4-9. 

2. Ellis H. Appendix. In: Schwartz SI, Ellis H, eds. Maingot’s 
Abdominal Surgery. Norwalk, Connecticut: Appleton—Century— 
Crofts, 1989: 967—9. 

3. Jeffrey RB. Management of the periappendiceal inflammatory 
mass. Semin Ultrasound CT MR 1989; 10: 341-7. 

4. Vakili C. Operative treatment of appendix mass. Am J Surg 1976; 
131: 312-13. 

5. Skoubo-Kristensen E, Hvid I. The appendiceal mass. Ann Surg 
1982; 196: 584-7. 

6. Mosegaard A, Nielsen OS. Interval appendectomy. Acta 
Chirurgica Scandinavica 1979; 145: 109-11. 

7. Paull DL, Bloom PG. Appendiceal abscess. Arch Surg 1982; 117: 
1017-19. 

8. Lewin J, Fenyo G, Engstrom L. Treatment of appendiceal 
abscess, Acta Chirurgica Scandinavica 1988; 154: 123-5. 

9. Bradely EL, Isaacs J. Appendiceal abscess revisited. Arch Surg 
1978; 113: 130-2. 

10. Hoffmann J, Rolff M, Lomborg V, Franzmann M. Ultra- 
conservative management of appendiceal abscess. J R Coll Surg 
Edinb 1991; 36: 18-20. 

11. Murphy JB. Two thousand operations for appendicitis. Am J 
Med Sci 1904; 128: 187-211. 

12. Ochsner AJ. The cause of diffuse peritonitis complicating 
appendicitis and its prevention. JAMA 1901; 26: 1747-54. 

13. Ranson JHC. Nonoperative treatment of the appendiceal mass: 


19 


Appendiceal mass: S. Nitecki et al. 


14. 
15. 
16. 


17. 


18. 


"19. 
20. 
21. 


22. 


progress of regression? Gastroenterology 1987; 93: 1439-45. 
Foran B, Berne TV, Rosoff L. Management of the appendiceal 
mass. Arch Surg 1978; 113: 1144-5. 

Jordan JS, Kovalcik PJ, Schwab CW. Appendicitis with a 
palpable mass. Ann Surg 1981; 193: 227-9. 

Riseman JA, Wichterman K. Evaluation of right hemicolectomy 
for unexpected cecal mass. Arch Surg 1989; 124: 1043-4. 
Hoffmann J, Lindhard A, Jensen HE. Appendix mass: 
conservative management without interval appendectomy. Am J 
Surg 1984; 148: 379-82. 

Bagi P, Dueholm S. Nonoperative management of the 
ultrasonically evaluated appendiceal mass. Surgery 1987; 101: 
602-5. 

Bagi P, Dueholm S, Karstrup S. Percutaneous drainage of 
appendiceal abscess. Dis Colon Rectum 1987; 30: 532-5. 

van Sonnenberg E, Wittich GR, Casola G et al. Periappendiceal 
abscesses: percutaneous drainage. Radiology 1987; 163: 23-6. 
Johnson WC, Gerzof SG. Appendiceal abscess: operative 
drainage or percutaneous drainage? Infections in Surgery 1985; 
May: 367-70. 

Nunez D, Yrizarry JM, Casillas VJ, Becerra J, Russell E. 
Percutaneous management of appendiceal abscesses. Semin 


Ultrasound CT MR 1989; 10: 384-51. 

Barakos JA, Jeffrey RB, Federle MP, Wing VW, Laing FC, 
Hightower DR. CT in the management of periappendicular 
abscess. AJR Am J Roentgenol 1986; 146: 1161-4. 

Brown JJ. Acute appendicitis: the radiologist’s role. Radiology 
1991; 180: 13-14. 

Flancbaum L, Nosher JL, Brolin RE. Percutaneous catheter 
drainage of abdominal abscesses associated with perforated 
viscus. Am Surg 1990; 56: 52-6. 

Bleker RJ, Wereldsma JC. Colonic malignancy mimicking an 
appendiceal mass. Neth J Surg 1989; 41: 42-6. 

Malangoni MA, Shumate CR, Thomas HA, Richardson JD. 
Factors influencing the treatment of intra-abdominal abscesses. 
Am J Surg 1990; 159: 167-71. 

Stone HH, Mullins RJ, Dunlop WE, Strom PR. Extraperitoneal 
versus transperitoneal drainage for the intra-abdominal abscess, 
Surg Gynecol Obstet 1984; 159: 549-52. 

Brolin RE, Flancbaum L, Ercoli FR et al. Limitations of 
percutaneous catheter drainage of abdominal abscesses. Surg 
Gynecol Obstet 1991; 173: 203-10. 


Paper accepted 22 July 1992 


Br. J. Surg., Vol. 80, No. 1, January 1993 


Br. J. Surg. 1993, Vol. 80, January, 
21-24 


J. D. Beard, I. Nyamekye, 
J. J. Earnshaw*, 

D. J. A. Scotti and 

J. F. Thompsont 


Departments of Surgery, Royal 
Hallamshire Hospital, Sheffield, 
*Gloucester Royal Hospital and 
Bristol Royal Infirmary, UK 
Correspondence to: 

Mr J. D. Beard, Room 120, | Floor, 
Royal Hallamshire Hospital, 
Glossop Road, Sheffield $10 2JF, 
UK 


Intraoperative streptokinase: a 
useful adjunct to balloon-catheter 
embolectomy 


Intraoperative thrombolysis was attempted in 31 acutely ischaemic legs 
after operative arteriography had demonstrated residual distal thrombus 
or occlusion following balloon-catheter thromboembolectomy. There 
were 30 patients, 16 men and 14 women, aged 43-82 (median 73) years. 
The indication for operation was severe ischaemia with sensorimotor 
loss in 25 limbs, failed percutaneous thrombolysis in three and acute 
graft occlusion in three. A total of 21 perfemoral, 11 perpopliteal and 


four graft embolectomies were initially performed. Following 


arteriography, 100 000 units streptokinase was infused down the isolated 
distal arterial tree over 30 min and arteriography repeated. Complete 
lysis was achieved in 11 legs (35 per cent) and partial lysis in 12 
(39 per cent). Additional procedures required included six operative 
angioplasties and six bypass grafts. After operation pedal pulses were 
restored in 14 limbs (45 per cent), with a viable leg in 23 cases (74 per 
cent) at the time of patient discharge or death. There were five wound 
haematomas but no evidence of systemic fibrinolysis. Four amputations 
were required, none in the group undergoing successful lysis, and there 
were seven deaths, five from cardiac disease. Arteriography after 
balloon-catheter embolectomy is essential to detect residual thrombo- 
embolus and intraoperative streptokinase appears to be a safe and 
effective way of removing this. 


Percutaneous intra-arterial thrombolysis is now well established 
for the treatment of acute leg ischaemia’. However, complete 
clot lysis may take many hours and so the technique is of little 
use when the limb is ischaemic to the extent that immediate 
intervention is required to save it. The treatment of choice in 
such circumstances remains thromboembolectomy using a 
balloon catheter? Unfortunately, this procedure fails to 
reperfuse the leg in a significant proportion of cases, a failure 
that results in amputation or death*~®. One reason for this is 
incomplete clearance of thrombus; studies of intraoperative 
arteriography have shown this to occur in up to 30 per cent of 
patients™ë. A logical solution to this problem is to combine 
surgical embolectomy with intraoperative thrombolysis?"!'. 
The aim of this prospective study was to see whether 
intraoperative streptokinase could lyse thrombus remaining 
after thromboembolectomy. 


Patients and methods 


Over a 3-year period, intraoperative thrombolysis was performed on 
31 acutely ischaemic legs when intraoperative arteriography had 
demonstrated persistent occlusion after balloon-catheter thrombo- 
embolectomy. Figures for the total number of patients with acute leg 
ischaemia treated by embolectomy during this time are not available 
because not all surgeons at the relevant hospitals contributed to the 
study. However, operative arteriography was employed routinely by 
the participating surgeons and revealed persistent distal thrombus or 
occlusion in over one-third of patients. 

There were 30 patients, 16 men and 14 women, aged 43~82 (median 
73) years. The indication for operation was severe ischaemia with 
sensorimotor loss in 25 limbs, failed percutaneous thrombolysis in three 
and acute graft occlusion where the graft was not accessible for 
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percutaneous thrombolysis in three. Preoperative arteriography was 
performed in only 16 patients. 

The cause of ischaemia was probable primary embolism in nine 
legs (eight of cardiac origin, one from an aortic aneurysm), probable 
thrombosis in 1} {including two popliteal aneurysms}, graft occlusion 
in five (one femorofemoral, one ilopopliteal, three femoropopliteal } 
and iatrogenic embolism in six (five following percutaneous 
angioplasty, one after aortic surgery ). The distinction between primary 
embolism and thrombosis was made on the basis of preoperative risk 
factors (electrocardiographic evidence of arrhythmia or myocardial 
infarction, history of claudication, presence of contralateral pulses } and 
arteriographic, operative, histological and autopsy findings. A total of 
21 perfemoral, 1! perpopliteal and four graft embolectomies were 
performed. The balloon catheters (2-4 Fr} were repeatedly passed 
distally until no further thromboembolic material could be retrieved. 

Operative arteriography was then performed by placing a film 
cassette under the leg and infusing 10-20 ml contrast medium (usually 
Omnipaque; Nycomed, Birmingham, UK) via a Tibbs cannula or 
plastic catheter inserted into the arteriotomy and held in position with 
a Silastic (Dow Corning, Reading, UK) sling. After femoral 
exploration, the cannula was usually passed into the origin of the 
superficial femoral artery, but if this was occluded by existing atheroma 
then the arteriogram was obtained via the profunda femoris artery. 

Once persistent distal thrombus or occlusion had been demons- 
trated, intraoperative thrombolysis was attempted. Streptokinase, 
100.000 units in 100 ml normal saline, was infused over 30 min down 
the superficial femoral artery via the cannula used for the arteriogram. 
Thrombolysis after popliteal exploration was performed by infusing 
streptokinase into the distal popliteal artery or by divided doses down 
the individual tibial branches. No attempt was made to embed the 
catheter in the thrombus. Repeat arteriography was then performed to 
assess the degree of clot lysis. If this demonstrated incomplete lysis 
then a further attempt at embolectomy was made and another 
arteriogram obtained if more thrombus was retrieved. 

Additional procedures depended largely on the degree of clot lysis 
on repeat arteriography. Nothing further was performed in 13 limbs 
and embolectomy was successfully repeated on three occasions. 
Operative transluminal balloon angioplasty of an underlying stenosis 
was performed in six cases. Two femoropopliteal below-knee vein grafis 
were necessary for persistent occlusion of the superficial femoral and 
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popliteal arteries and one for a thrombosed popliteal aneurysm 
following a popliteal embolectomy. Two femorofemoral grafts and one 
iliopopliteal crossover reconstruction were required because of poor 
inflow. Anterior and posterior compartment fasciotomy of fascia and 
skin from knee to ankle was performed in three patients 

After operation all patients underwent anticoagulation with a 
heparin infusion according to the activated partial thromboplastin time 
(APTT). Peroperative coagulation profiles were not routinely 
obtained. Wound haematomas and other bleeding problems were 
recorded, A successful outcome was defined as complete or partial clot 
lysis on operative arteriography, restoration of pedal pulses and a viable 
leg at discharge or death. Preoperative and postoperative Doppler 
ankle artery pressure indices were obtained in 25 patients 
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Figure 1 Results of lysis according to the cause of ischaemia. g. Embolism (n = 9) 


iatrogenic embolism (n = 6) 


Results 


On postembolectomy arteriography the popliteal artery was 
occluded in 11 cases, the tibial arteries in 14, the superficial 
femoral artery in four and the profunda femoris in two cases 
where there was existing occlusion of the superficial femoral 
artery. In most instances the level of occlusion corresponded 
to the point beyond which the embolectomy catheter could not 
be passed. Occlusion of the popliteal or tibial arteries was, 
however, found on eight occasions when the catheter had been 
passed to the ankle 

The arteriogram after streptokinase infusion demonstrated 
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Figure 2 Operative arteriograms after transfemoral balloon-catheter embolectomy. a Persistent occlusion of the popliteal artery despite the catheter 
passing to the ankle; b repeat arteriogram after streptokinase treatment showing complete lysis with three-vessel run-off 
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Figure 3 Operative arteriograms after balloon-catheter thrombectomy of an above-knee polytetrafluoroethylene graft. a Good graft clearan 
occlusion of the popliteal artery; b repeat arteriogram after streptokinase treatment showing almost complete lysis and revealing an underlying 


that was treated by angioplasty 


complete lysis in 11 legs (35 per cent), partial lysis in another 
12 (39 per cent) and no change in eight (26 per cent). Of the 
eight that showed no change, the occlusion was found to result 
from atherosclerosis of the run-off rather than thrombus in five 
cases following popliteal exploration or autopsy. The other 
three were unproven, but there was not a single case of proven 
thrombus that was not at least partially lysed by streptokinase. 
After incomplete lysis, repeat embolectomy succeeded in 
clearing remaining thrombus from the popliteal artery on three 
occasions. After operation, at least one pedal pulse was restored 
in 14 limbs (45 per cent), and the leg was viable in 23 cases 
(74 per cent) at discharge or death. Doppler ankle pressure 
indices rose from a median of 0 (range 0-0-40) to 0-75 (range 
0—1-05 ). There was a significant association (Fisher's exact test ) 
between successful lysis and restoration of pedal pulses 
(P =0:003) and a similar correlation with leg viability 
(P = 0014) 

The results subdivided according to the cause of ischaemia 
are summarized in Figure 1. The outcome for primary embolism 
was excellent with complete or partial lysis in all nine limbs, 
restoration of pedal pulses in eight and a viable leg in all cases 
(Figure 2). The results for thrombosis or graft occlusion were 
encouraging and much better if the problem was not caused 
by existing atherosclerosis of the run-off (Figure 3). Patients 
with iatrogenic emboli, which are often composed of 
atherosclerotic rather than thrombotic material, fared badly. 
Complete clot lysis never occurred and viability was achieved 
in only three of six legs. Embolectomy was repeated in four 
legs that rethrombosed due to poor run-off or atheromatous 
emboli, but none was salvaged. 

There were five wound haematomas after operation but none 
required exploration; it should be noted that all patients 
received postoperative heparin anticoagulation. There were no 
bleeding problems in the three legs in which open fasciotomy 
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had been performed. Full coagulation profiles were obtained 
in three patients with haematomas and although the APTT 
was raised there was no reduction in fibrinogen or platelet leve 
One patient developed a myocardial infarction 24h aft 
operation. It is possible that this was an extension of 
subendocardial infarction that was the original source of the 
embolus. Two above-knee and two below-knee amputations 
were required, but none was in the group with successful lysi 
There were seven deaths, five of which were cardiac in origin 
(three myocardial infarction, two heart failure), The othe 
were from bronchopneumonia following an above-kr 
amputation and a cerebral infarction 10 days after surgery 


Discussion 


The technique of balloon-catheter embolectomy has changed 
little since its introduction by Fogarty et al. over 20 years age 

Although it is a relatively simple method of rapidly removing 
arterial thrombus it is not without problems. With the 
advancing age of the population, underlying atherosclerosis 
may complicate the situation even if the cause is purely embolic 
but increasingly acute thrombosis is the principal underlying 
problem'?. Arterial damage by the catheter is more likely if 
atherosclerosis is present and this may also prevent distal 
passage of the catheter'*:'*, The latter also tends to enter the 
peroneal branch in preference to the anterior or posterior tibia 
artery'*. Embolectomy is commonly performed ‘blind’ withou 
radiological control despite several studies that have reported 


incomplete clearance of distal thrombus in up to 30 per cent 
of cases’**. The results of embolectomy are also better when 
completion arteriography is performed*:'*. The use of 


end-hole balloon catheter passed over a guidewire may permit 
selective catheterization of the tibial arteries and repeated 
arteriography is also possible’® 
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There have been several previous reports of intraoperative 
thrombolytic therapy?”'' but this series is one of the largest 
yet reported and the first from the UK. In 1988, Norem et al? 
reported the intraoperative use of boluses of streptokinase or 
urokinase in 26 legs to lyse residual thrombus following femoral 
embolectomy. All had angiographic evidence of clot lysis, with 
a viable leg in 85 per cent. Quinones-Baldrich and colleagues’? 
reported the use of intraoperative infusion of streptokinase or 
urokinase in 23 legs with success in 74 per cent. Cohen et al.'' 
used streptokinase in 11 legs after passing a catheter down into 
the clot, with success in 64 per cent. More recently, the same 
group!” has reported improved results with tissue plasminogen 
activator (tPA) and this has also been used successfully on a 
small number of patients at St George’s Hospital, London. 
Comerota et al.'® have described a technique of isolated limb 
perfusion using 10° units urokinase infused into the occluded 
arteries, accompanied by popliteal venous drainage to reduce 
the systemic effect of such a high dose. 

Streptokinase was chosen for the present study as it was 
easily obtainable and inexpensive compared with urokinase or 
tPA. Lower clot lysis times have been reported for tPA than 
for streptokinase in percutaneous thrombolysis'’, but overall 
lysis rates are similar and the high cost of tPA is difficult to 
justify at present. There is probably an indication for tPA in 
patients who have received streptokinase within the previous 
year as they are likely to have high antibody levels that will 
inactivate further doses and may cause anaphylaxis’. The dose 
of 100000 units was selected because the literature suggested 
that this was unlikely to be associated with significant 
bleeding! 91118, 

There were no operative problems due to excessive bleeding, 
even after open fasciotomy. Although there were five wound 
haematomas, all patients were receiving heparin. In the three 
patients for whom coagulation profiles were obtained, there 
was no fall in fibrinogen or platelet levels to suggest significant 
systemic fibrinolysis. A 30-min infusion was used because of 
concern that a bolus would gradually leach out of the distal 
arterial tree even though it was isolated. No attempt was made 
to embed the catheter in the clot?! as this would have increased 
the technical difficulty of the procedure. It was, in any case, 
thought to be unnecessary because of the lack of blood flow. 

Good lysis was obtained if the distal occlusion was caused 
by thrombus or embolus of thrombotic origin. As might be 
expected, streptokinase made little impact on poor run-off due 
to existing atherosclerotic occlusion. However, arteriographic 
differentiation was often difficult and the diagnosis was revealed 
only after popliteal exploration or at subsequent autopsy. It is 
likely that popliteal exploration was avoided in cases of 
successful lysis following femoral embolectomy. Popliteal 
embolectomy with exposure of the origin of all three calf vessels 
is a technically demanding procedure that may require 
conversion from local to general anaesthesia in the high-risk 
patient’. 

The disappointing results of lysis following iatrogenic 
embolism were probably caused by the atheromatous 
composition of the emboli. Streptokinase was able to lyse the 
propagated thrombus but, if cholesterol microembolism had 
occurred, tissue perfusion was not improved and rethrombosis 
supervened?*. Histological examination after skin biopsy, 
amputation or autopsy in three of the six cases confirmed 
cholesterol embolism. 

Although the overall limb salvage rate of 74 per cent was 
encouraging, there were five deaths of cardiac origin. All but 
one of these was from exacerbation of a premorbid condition 
that was probably the original cause of the acute leg ischaemia. 
The high incidence of cardiac death reflects the increasing 
incidence of ischaemic heart disease in these patients'*** and 
is probably unavoidable. What should now be avoidable, in 
most cases, is death or amputation resulting from inadequate 
reperfusion of an acutely ischaemic leg. 
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In summary, it is felt that arteriography to detect residual 
thromboembolus following balloon-catheter embolectomy 1s 
essential. Intraoperative streptokinase appears to be a safe and 
effective method of lysing persistent thrombus: its use may avoid 
the need for more distal exploration. 
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Choice of agent for peripheral 


thrombolysis 


Evidence has been accumulating that tissue plasminogen activator (tPA) 
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is a more rapid and effective agent than streptokinase for peripheral 
thrombolysis. Twenty-three patients with acute limb-threatening 
ischaemia treated with tPA (0-5 mg h™ +) over 15 months were compared 
with 20 consecutive ‘patients previously receiving streptokinase 


(5000-10000 units h~*). There were no major differences between the 
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High-dose intravenous streptokinase has been used for 30 years 
in the treatment of acute limb ischaemia'~?. However, poor 
clinical results, a high incidence of haemorrhagic complications 
and the introduction of the Fogarty embolectomy catheter 
ensured that surgery became the principal treatment for this 
condition. The development of local low-dose thrombolytic 
therapy significantly improved results and low-dose intra- 
arterial streptokinase became the ‘gold standard’ non-surgical 
treatment for acute limb ischaemia‘. 

The activation of plasminogen produced by streptokinase 
is not specific to abnormal thrombus. The high incidence of 
haemorrhagic complications, associated particularly with 
high-dose intravenous streptokinase, is related to the 
breakdown of plasma fibrinogen. In the past: decade new 
thrombolytic agents have been developed that bind specifically 
to fibrin and act only at the site of abnormal thrombus. Two 
such fibrin-specific agents are in clinical use: an acylated 
complex of streptokinase and plasminogen, anistreplase 
(Eminase; SmithKline Beecham Pharmaceuticals, Welwyn 
Garden City, UK), and tissue plasminogen activator (tPA) 
(Actilyse; Poehringer Ingelheim, Bracknell, UK). 

Recent retrospective reports on intra-arterial thrombolysis 
have suggested that tPA is faster and more effective than 

“streptokinase**, In the only randomized trial to date, which 

included 40 patients, successful lysis and limb salvage rates were 
higher with tPA than streptokinase®. Although much of the 
available evidence is from uncontrolled studies, tPA has been 
endorsed for peripheral thrombolysis?°. 

In this unit, peripheral thrombolysis has been available 
since 1985 and results for the first 3 years have been published! +. 
The unit presently has experience of over 100 cases. In response 
to the accumulating evidence, streptokinase was replaced by 
tPA in 1989. The cost of 24h of treatment with tPA is more 
than ten times that of streptokinase*. The aim of the present 
study was to examine whether changing to tPA improved the 
clinical results of peripheral thrombolysis and justified ‘the 
additional expense. 


Patients and methods 


Embolectomy was reserved for patients with a short duration of limb 
ischaemia, no previous history of claudication and a clinically obvious 
source of embolism’?. Other patients with acute limb ischaemia 
underwent urgent arteriography followed by thrombolytic therapy 
unless the limb was so severely ischaemic that emergency surgery was 
required. Some patients with acute critical ischaemia including a 
neurological deficit were still candidates for lysis if no distal vessels 
were outlined for surgical bypass. 
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rates of complete and partial lysis (61 per cent for tPA versus 65 per cent 
for streptokinase) or limb salvage (65 versus 55 per cent respectively). 
Complication rates were also similar. It was not possible to show that 
tPA, an agent ten times more expensive than streptokinase, was superior 
for peripheral thrombolysis. 


Between April 1990 and June 1991, 23 patients with acute 
limb-threatening ischaemia received intra-arterial tPA at 0:5 mg h™'. 
In a similar 15-month period before this, a total of 20 patients received 
low-dose intra-arterial streptokinase: ten had 5000 and ten 10000 
units h`! (Table 1). All but one patient had a femoropopliteal 
occlusion; the causes of ischaemia are shown in Table 2. The catheter 
advancement technique used has previously been described'!. Patients 
were treated on the surgical wards but returned to the radiology 
department at intervals of a maximum of 12h for angiography and 
catheter adjustment as required. A median of 2 (range 1-8) visits to 
the radiology department were required. 


Results 


The median duration of lysis was 18h for streptokinase and 
22 h for tPA. There was no difference between the duration of 
lysis in successful or failed cases, or at the different streptokinase 
doses. Successful lysis, defined as restoration of distal pulses 
with angiographic evidence of clot clearance, occurred at a 


Table 1 Patient details 








Tissue 
plasminogen 
Streptokinase activator 
No. of patients 20 23 
Sex ratio (M:F)* 15:5 (75:25) 15:8 (65:35) 
Median (range) age (years) 70 (28-82) 66 (52~84) 
Hypertension* 6 (30) 5 (22) 
Coronary artery disease* 6 (30) 7 (30) 
Cerebrovascular disease* 3 (15) 3 (13) 
Acute critical ischaemia 5 (25) 9 (39) 
(neurosensory loss )* 
Median (range) duration of 1 (1-14) 3 (1-28) 
ischaemia (days) 
*Values in parentheses are percentages 
Table 2 Cause of ischaemia 
Tissue 
plasminogen 
Streptokinase activator 
(n = 20) (n = 23) 
Thrombosis 8 (40) 12 (52) 
Embolism 0 (0) 2 (9) 
Graft thrombosis 2 (10) 5 (22) 
After angioplasty 9 (45) 3 (13) 
After embolectomy 1 (5) 0 (0) 
After angiography 0 (0) 1 (4) 





Values in parentheses are percentages 
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Table 3 Results 














Tissue 
plasminogen 
Streptokinase activator 
{n = 20) {n = 23) 
Lysis 
Complete 11 (55) 10 (43) 
Partial 2 (10) 4 (17) 
Failed 7 (35) 9 (39) 
Outcome at 30 days ; 
Limb salvage 11 (55) 15 (65 
Amputation 7 (35) 4(17 
Death 2 (10) 4 (17) 
Values in parentheses are percentages 
Table 4 Complications 
Tissue 
plasminogen 
Streptokinasé activator 
(n = 20) (n = 23) 
Catheter-related 2 (10) 1 (4) 
Haemorrhage 
Minor 3 (15) 2(9) 
Major 3 (15) 5 (22) 
Early rethrombosis 1 (5) 0 (0) 
Major vascular reconstruction 7 (35) 10 (43) 


Values in parentheses are percentages 


similar rate for tPA (43 per cent) and streptokinase (55 per cent) 
(Table 3). In addition, clinically useful partial lysis was 
observed in six patients: four receiving tPA and two 
streptokinase. For example, lysis in the run-off of a thrombosed 
popliteal aneurysm enabled bypass surgery to be performed. 
Ten vascular surgical procedures were performed in the 16 
patients in whom lysis failed; six operations resulted in limb 
salvage. After successful lysis, two patients in each group 
underwent angioplasty and seven had vascular reconstructions. 

Limb salvage rates for tPA (65 per cent) and streptokinase 
(55 per cent) were similar. This rate was reduced in patients 
with acute critical ischaemia including a neurological deficit: 
only three patients (21 per cent) had successful lysis, limb 
salvage being achieved in six (43 per cent). The highest rate of 
both successful lysis (61 per cent) and limb salvage (69 per cent) 
occurred in the 12 patients treated after early thrombosis of a 
successful angioplasty. 

Complications were frequent (Table 4). Three patients had 
catheter-related problems: either the catheter was inadvertently 
removed or the infusion switched off, usually owing to 
inexperience on the ward: Major haemorrhage requiring 
cessation of treatment occurred in five patients receiving tPA 
(22 per cent) and three given streptokinase (15 per cent). 
Urgent surgery was necessary in three patients receiving tPA. 
One had a retroperitoneal haemorrhage that proved fatal 
despite exploration. The other two patients required surgery 
for an enlarging groin haematoma, one of which developed in 
a hernia sac for which orchidectomy was needed during repair. 


Discussion 

Hopes were raised that fibrin-specific thrombolytic agents given 
intravenously would improve on results with intravenous 
streptokinase, using which approximately 30 per cent of patients 
with acute limb ischaemia had successful lysis'~?. However, 
studies using intravenous anistreplase for acute limb ischaemia 
gave similar results!*. In the third arm of a randomized trial 
comparing intra-arterial streptokinase and tPA, 20 patients 
treated with the latter intravenously had a rate of complete 
lysis of only 30 per cent?. Despite the ease of intravenous 
thrombolytic treatment, none of the agents given this way has 
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produced results comparable to those of intra-arterial 
streptokinase. 

The results of the present intra-arterial lysis programme are 
similar to those previously reported'! and fall within the 
accepted ranget. There appears to be no advantage in using 
tPA instead of streptokinase. Others have, however, achieved 
superior results with tPA, reporting lysis rates from 62 to 
93 per cent and limb salvage rates of 80-94 per cent*-*. It has 
been stated that tPA has a speedier action than streptokinase, 
although in this study the duration of lysis was not reduced by 
tPA, even if patients with failed lysis are excluded®9. A 
difference between this and other studies is that the median 
duration of ischaemia (1 day) in Bristol was considerably 
shorter®-?. Results with thrombolysis are superior in patients 
with stable acute ischaemia. In addition, this study included 
relatively few patients with graft thrombosis, a condition for 
which the outcome from thrombolysis is much less certain. One 
reason for the reported advantages of tPA may be that most 
studies of thrombolysis are retrospective and sequential; lessons 
learned using streptokinase treatment may have improved 
subsequent results with tPA. 

Several possible explanations for the apparent lack of 
superiority of tPA in this unit have been identified. Although 
it was thought that the indications for thrombolysis were 
unchanged, more patients with acute thromboses and fewer 
with postangioplasty thrombosis received tPA in the second 
part of the study (Table 2). The former have a low rate of 
complete lysis and the latter a high rate. In addition, more 
patients receiving tPA had acute critical ischaemia with a 
neurological deficit, a factor known to cause a poor outcome’. 
These problems highlight the difficulties of interpreting 
non-randomized studies!*. 

Conclusive evidence of the superiority of tPA over 
streptokinase is still lacking. It remains questionable whether 
fibrin specificity confers any benefit in intra-arterial thrombo- 
lysis either by enhancing lytic activity or by reducing 
complications'®. This is the case in coronary thrombolysis, 
where neither tPA nor anistreplase has been shown to have 
any advantage over streptokinase in the recent International 
Study of Infarct Survival Collaborative Group report of 42 000 
patients!’. Unless new evidence emerges, it is arguable whether 
other new expensive fibrin-specific agents will produce better 
outcomes. Perhaps clinical research in peripheral thrombolysis 
should concentrate on the development of safe effective 
regimens with low-dose streptokinase’*® and on new physical 
methods of speeding clot lysis such as lacing, mechanical 
disruption or pulse-spray lysis'®-?!. 

Alternatively, other methods such as high-dose bolus 
infusion may speed lysis. This has recently been described using 
tPA but has not been tried with streptokinase??. Broad 
experience with thrombolysis is still lacking and there is a major 
need for multicentre trials. The Thrombolysis Study Group has 
recently formed in the UK and a large trial comparing tPA 
with streptokinase should be foremost on its agenda to 
determine whether the high costs of tPA are justified by 
improved results. This should help prevent a situation similar 
to the recent ‘battle of the (coronary) clotbusters’??. 

Ultimately, the price of lytic agents may assume little 
importance in the overall cost of treating acute limb ischaemia 
as the duration of hospital stay is the key determinant. Future 
studies will need to include a cost-benefit analysis of 
thrombolysis in a similar way to that undertaken for 
femorodistal bypass?*. 
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Myocardial infarction after 
reconstruction of the abdominal 
aorta 


The records of 555 patients who underwent elective abdominal aortic 
reconstruction were analysed to identify risk factors predisposing to 
cardiac complications. Perioperative myocardial infarction occurred in 
35 patients (6-3 per cent), of whom 12 (2:2 per cent) died. Using multiple 
logistic regression, four preoperative factors that were independently 
predictive for postoperative myocardial infarction were identified with 
the following relative risk ratios: history of transient ischaemic attacks, 
5-08; raised serum creatinine level, 3-66; age >60 years, 3:00; and 
angina requiring regular treatment, 2:74. A scoring system using these 
four factors was devised that identified 150 of the 555 patients as at 
high risk, and included 69 per cent of those with myocardial infarction 
after operation and 83 per cent of those who died. A clinical risk score 
is a practical first step in identifying patients at risk of myocardial 
infarction; it would also reduce the number of patients for whom 
sophisticated tests of cardiac function were necessary. 


When a surgeon advises a patient that surgery is necessary, the 
probability that the proposed operation will produce a 
long-lasting improvement must be balanced against the 
possibility that the patient may die during or after the operation 
or may suffer unacceptable complications. When operation on 
the infrarenal aorta and its iliac branches is considered, it is 
known from the literature that the mortality rate is 
2-8 per cent, and that the principal cause of death is myocardial 


infarction!~*. Often there is no history or signs of ischaemic ` 


heart disease but one series in which all patients underwent 
coronary angiography before operation showed that more than 
two-thirds had covert heart disease®. This led to the proposition 
that all patients on whom it was intended to operate for aortic 
abdominal aneurysm (AAA) should undergo coronary 
angiography and coronary artery bypass when necessary”. It 
is reasonable that all patients scheduled for operation on the 
abdominal aorta should be screened for ischaemic heart disease, 
but there is debate about which tests of myocardial function 
to use — exercise electrocardiography, dipyridamole—thallium 
scanning, multiple-uptake gated acquisition scanning, measure- 
ment of ejection fraction or coronary angiography**-!*. An 
alternative strategy is to select patients for these more 
sophisticated tests of cardiac function on the basis of clinical 
information and electrocardiography. If selective screening is 
to be effective one must know which clinical factors indicate 
increased risk of postoperative myocardial infarction. Several 
indices of risk have been devised but none has gained universal 
acceptance!>-!®. If patients at risk could be identified reliably, 
only a proportion of the total would require sophisticated tests 
of cardiac function, with a considerable saving in time and 
expense. 

To answer these questions information was recorded from 
555 consecutive patients who had operations to replace the 
abdominal aorta. Data were analysed to identify risk factors 
predicting postoperative myocardial infarction. 


Patients and methods 


Information was recorded from 555 consecutive patients undergoing 
aortic surgery (aortoiliac, aortobifemoral and aortic tube grafts) 
between January 1986 and December 1989. Only those who had an 
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elective or urgent operation (e.g. for symptomatic aneurysm or 
pregangrene) were included; all emergency operations were excluded. 
The indications for operation were claudication, rest pain or 
pregangrene, and AAA. A detailed history and physical examination, 
routine blood biochemistry and haematology, a chest radiograph and 
a resting 12-lead electrocardiogram (ECG) were obtained for each 
patient. All preoperative factors that might influence the outcome of 
operation were studied; these included age, sex, primary diagnosis 
(whether aneurysm or occlusive arterial disease), history of coronary 
artery disease (including congestive heart failure and dysrhythmia), 
cerebrovascular disease, obstructive airway disease, hypertension, 
diabetes and smoking. Abnormalities on physical examination, 
electrocardiography, chest radiography and blood biochemistry were 
recorded. Patients suspected of having severe coronary artery disease 
were referred for further assessment to a cardiologist. On the basis of 
an examination, the cardiologist carried out sophisticated tests of 
myocardial function, echocardiography, exercise electrocardiography, 
dipyridamole—thallium scanning and coronary angiography. 

Patients assessed by the cardiologists fell into four clinical 
categories: (1) considered to be at very high risk and hence unsuitable 
for surgery (such patients are not considered again in this analysis); 
(2) potential improvement with medical treatment; (3) recommended 
for coronary artery bypass surgery; and (4) considered to be at high 
risk but the indication for surgery outweighed all other considerations 
(painful and tender aneurysm, pregangrene or gangrene). The 
consultant anaesthetist was the final arbiter of who was or was not 
operated on. He did not decline to anaesthetize any patient in categories 
2-4 who came through this process of selective screening. 

To avoid as many variables as possible, all operations were 
performed by the same surgeon and anaesthetist. Anaesthesia was 
induced with thiopentone and maintained with halothane and nitrous 
oxide. During operation pulse rate, blood pressure, ECG, oxygen 
saturation, partial pressure of carbon dioxide, central venous pressure 
and urine output were monitored. Swan—Ganz catheters were not used. 
Operations were performed through a transverse incision and 
transperitoneal approach. An end-to-end anastomosis was virtually 
always used proximally and either end-to-end anastomosis to the 
common iliac arteries or end to side to the common femorals. The 
mean(s.d.) time of operation was 45(10)min with a mean total 
anaesthesia time of 55 min. 

The principles adopted were: (1) to maintain blood pressure at the 
patient’s usual level throughout operation; (2) to keep operation time 
and, in particular, clamp time to a minimum; and (3) to avoid blood 
loss and give blood rather than plasma expanders after operation (to 
minimize, where possible, pulmonary oedema and acute respiratory 
distress syndrome). After operation all patients spent 1-2h in the 
recovery room end then returned to the ward. The vast majority were 
able to sit out of bed the following day and, other than at operation, 
patients were not ventilated. Nasogastric suction was not used unless 
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the patient had prolonged ileus, which was rare, affecting only seven 
patients. The principle of ward management was to keep the systemic 
blood pressure at a level normal for the individual and to maintain 
the central venous pressure at 10 cm saline. Episodes of dysrhythmia, 
congestive cardiac failure, left ventricular failure and infarction 
(confirmed by changes in the isoenzymes, ECG or at autopsy) were 
classified as cardiac events. All such events within 30 days of operation 
were considered to be relevant. 


Results 


Of the 555 patients included in the study, 431 were men and 
124 women (male:female ratio 3-5:1). In all, 351 (63-2 per cent) 
were operated on for aortic aneurysm and 204 (36°8 per cent) 
for aortoiliac occlusive disease. Of the 351 patients with aortic 
aneurysm, 76 had a tube graft (63 in category 2, 12 in category 
3 and one in category 4). A total of 211 patients (38-0 per cent) 
had a history of coronary artery disease, including two with 
recent (<6 months) myocardial infarction (Table 1). The 
incidence of additional risk factors in these patients was not 
significantly different from that in the entire series (Table 2). 
In all, 460 patients were thought to be fit for surgery with 
minimal risk of postoperative myocardial infarction and were 
operated on without being seen by a cardiologist. 

The remaining 95 underwent operation after being seen by 
a cardiologist and fell into categories 2—4: in category 2, 62 
patients were operated on after they had responded to medical 
management; in category 3, 23 who had had a coronary artery 
bypass as a result of cardiological investigation latér had aortic 
surgery; and in category 4, ten were operated on in spite of 
high risk for over-riding surgical reasons. 

Thirty-five confirmed myocardial infarctions occurred 
within 30 days of operation, an incidence of 6-3 per cent. Twelve 
patients died from a cardiac complication, all of them 
myocardial infarcts (2:2 per cent). The incidence of infarction 
was 5-7 per cent in patients considered to be at low risk and 
9-5 per cent in the high-risk group referred for cardiological 
assessment (Table 3). Arrhythmia occurred in 40 patients, 


Table 1 Preoperative characteristics of 555 patients 





No. of patients 





Ischaemic heart disease 211 (38-0) 
Angina 142 (25:6) 
Myocardial infarction 138 (24-9) 

Left ventricular failure 27 (49) 

Cardiac arrhythmia 15 (2-7) 

Hypertension 173 (31-2) 

Diabetes 39 (7:0) 

Cerebrovascular disease 77 (13-9) 
Transient ischaemic attacks 45 (8-1) 
Stroke . 36 (6-5) 

Obstructive airway disease 109 (19-6) 

Smokers 521 (93-9) 
Past "247 (44-5) 
Present 274 (49-4) 

Disordered renal function 48 (8-6) 


Values in parentheses are percentages 


Table 2 Additional risk factors in 211 patients with ischaemic heart 
disease 





No. of patients 





Hypertension 84 (39-8) 
Diabetes 19 (9-0) 
Smoking 197 (93-4) 
Past 100 (47-4) 
Present 97 (46-0) 
Cerebrovascular disease 27 (12-8) 
Obstructive airway disease 36 (17-1) 
Disordered renal function 22 (10-4) 


Values in parentheses are percentages 
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making it the most common complication if short-lasting 
intraoperative arrhythmias are included; 24 were ventricular. 

Four patients had an intraoperative myocardial infarction. 
Nineteen infarcts occurred within 48h of surgery (Figure 1). 
Ten additional patients suffered infarction within the first week 
after operation. Ten of the 12 fatal infarcts occurred within the 
first 48 h of surgery. There were eight deaths in the 460 patients 
who were operated on and were thought to be at low risk, and 
four in the higher risk group of 95 patients. The difference in 
incidence of myocardial infarction between the low- and 
high-risk groups was not statistically significant (P = 0-12, 
Fisher’s exact test), nor was there a significant difference in the 
number of fatal infarcts between the two groups (P = 0-13, 
Fisher’s exact test). 

The incidence of infarction in category 3 patients was 
4 per cent and it is arguable that after coronary artery bypass 
these patients would be more appropriately classified as low 
risk. When category 3 patients are included in the low-risk 
group and compared with groups 2 and 4, there is again no 
significant difference in the incidence of cardiac complications 
between them. 

Because there was no significant difference in the incidence 
of myocardial infarction between the high- and low-risk groups, 
it was clear that some patients at risk were being missed and 
that a more structured approach to selection was necessary. In 
retrospect, and based on the data acquired, each patient was 
assigned a cardiac risk class based on the Goldman 
multifactorial index!>. Goldman and colleagues studied 1001 
patients who were scheduled to have operations including 
emergencies. They correlated cardiac outcome with each 
variable by univariate analysis, and then used multivariate 


Table 3 Cardiac complications in 555 patients 





No. of patients 





Cardiac complications 70 (12:6) 
Myocardial infarction 35 (6:3) 
Not seen by cardiologist (n = 460) 26 (5:7) 
Seen by cardiologist (n = 95) 9 (9-5) 
Fatal infarctions 12 (2-2) 
Arrhythmia 40 (7:2) 
Atrial 16 (2:9) 
Ventricular 24 (4:3) 
Left ventricular failure 23 (41) 
Myocardial infarction and arrhythmia 18 (3-2) 
Myocardial infarction and left ventricular failure 10 (1-8) 
Cardiac death 12 (2:2) 
Myocardial infarction 12 
Ventricular fibrillation 5 
Left ventricular failure 4 
Cardiogenic shock 4 
Renal failure 3 





Values in parentheses are percentages 
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Figure 1 Incidence of non-fatal ((]) and fatal ($) myocardial 
infarctions during and after aortic surgery 
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Table 4 Association of Goldman's cardiac risk index classification with 
postoperative myocardial infarction 





Goldman class 





No. of patients No. of infarcts No. of deaths 
I 333 (600) {7 (5-1) 4 (1:2) 
2 179 (32-3) 13 (7:3) 6 (3-4) 
3 37 (6-7) 5 (14) 2 (5) 
4 6 (1-1) 0 (0) 0 (0) 





Values in parentheses are percentages 


Table5 Risk factors for myocardial infarction following aortic surgery 








Factor Relative risk P 
Age > 60 years 3-32 (1:13-9:75) 0011 
History of angina 2:32 (1:14-4:73) 0-021 


History of congestive cardiac failure 
History of transient ischaemic attacks 
Angina requiring treatment 

Serum creatinine >0-12 mmol/l 
History of dyspnoea 


3-77 (1:31-10:90) 0-025 
3-87 (1:62-9:26) 0-005 
2-98 (1:43-6:24) 0005 
4-27 (1:84-9:89) 0-002 
1:96 (097-397) 0-060 


Electrocardiography 
Ischaemic ST segment 2-08 (1:02-4:22) 0-045 
Q waves 2:28 (1-13-4-63) 0022 


Values in parentheses are 95 per cent confidence intervals 


Table 6 Independent risk factors for myocardial infarction following 
aortic surgery 





Risk weighting 
Factor Adjusted risk score 
History of transient ischaemic 5-08 (201-128) 16 
attacks 
Serum creatinine >0-12 mmol/l 3-66 (1-51-8-86) 13 
Age > 60 years 3-00 (100-9-06) l 


Angina requiring treatment 2:74 (1:26-5:92) 10 





Values in parentheses are 95 per cent confidence intervals 


Table 7 Cardiac risk prediction score 








No. at Sensitivity Specificity 
Risk score risk (%) (%) 
>11 418 94 l 26 
>12 150 69 76 
217 130 63 79 


discriminant analysis. Factors that had significant independent 
correlation with a postoperative cardiac event were weighted 
to construct a single discriminant function. Nine factors were 
given points according to the weighting. À history of myocardial 
infarction within 6 months, jugular venous distension, 
dysrhythmia and premature ventricular contractions all scored 
highly; age >70 years, aortic valve disease, biochemical 
abnormalities and emergency operation all counted less. 
Patients were classified, according to the sum of the points for 
all nine factors into four classes: 1, 0-5 points; 2, 6-12 points; 
3, 13-25 points; and 4, >26 points. 

The numbers of the present patients who fell into each of 
Goldman’s four classes and the incidence of myocardial 
infarction in each class are shown in Table 4. There was no 
statistically significant difference in the incidence of infarction 
between these groups. Multiple logistic regression analysis was 
used to examine risk factors that were related to the incidence 
of myocardial infarction following surgery (Table 5). Relative 
risks, which are measures of the raised risk in one group 
compared with another, are preserved. For example, a patient 
with a history of transient ischaemic attacks has a 3-87 times 


greater chance of a postoperative myocardial infarction than 
one without such a history. After adjusting for the inter- 
relationships between all the risk factors, four independent risks 
were identified. These were, in decreasing order of significance, 
a history of transient ischaemia attacks, serum creatinine 
concentration >0-12 mmol/l, age >60 years and a history of 
symptomatic angina requiring regular treatment (Table 6). 

A clinical scoring system involving these four factors was 
then constructed to define a cardiac risk score. This score can 
be used to predict the chances of postoperative myocardial 
infarction. To evaluate the cardiac risk score’in an individual 
patient, the appropriate weights relating to the four independent 
risk factors are added. The weights correspond to the degree 
of risk associated with the factors. The higher the score the 
higher the risk of postoperative myocardial infarction. A cardiac 
risk score was calculated for all the patients in the study, and 
the specificity and sensitivity with regard to the accuracy of 
prediction of postoperative infarction evaluated for different 
levels of the score (Table 7). Using a score of >12 to classify 
patients as having a high risk of infarction, 69 per cent of 
postoperative infarcts and 83 per cent of deaths would be 
predicted and 76 per cent of risk-free patients correctly 
identified. Of the 35 patients with postoperative infarction, 24 
(69 per cent) would have been identified as at high risk using 
this cardiac risk score and eight (67 per cent) of those who 
had fatal infarcts would have been identified. In contrast, only 
18 (51 per cent) of the 35 patients were classified as having a 
Goldman index >2, with seven (58 per cent) of those who had 
fatal infarcts being identified. 


Discussion 

The increased risk associated with symptoms of cerebrovascular 
disease and renal impairment is almost certainly an expression 
of widespread arteriosclerosis. Had this method of assessing 
risk been applied to the present patients, 150 would have been 
identified as being at risk and meriting sophisticated cardiac 
investigation. All 95 of the patients identified as at risk on 
clinical grounds fell into this category. 

A policy of selective investigation has considerable cost 
implications. Every patient need not be investigated by 
dipyridamole—thallium scanning or multiple-uptake gated 
acquisition scanning'’. If patients at low risk can be reliably 
identified using a scoring system, a stepwise process of selection 
of patients for operation should be safe. Present results also 
suggest that it may be unnecessary to admit all patients to an 
intensive care unit after routine aortic surgery. 
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Autotransfusion in aortic surgery: 
the Haemocell System 350 cell 
saver 


Autotransfusion was performed during elective abdominal aortic 
reconstruction in ten patients using the recently developed Haemocell 
System 350. A mean of 60 per cent of total blood loss was salvaged, 
and during operation each patient was autotransfused 1 unit. Good 
preservation of cellular components, including platelets, was seen after 
processing with the device, which uses a vortex mixing filter for cell 
separation. There was no evidence of coagulopathy; mean free plasma 
haemoglobin levels were slightly raised (17 mg/dl) and plasma heparin 
concentration was negligible (0-10 units/ml) 4h after surgery. A 
transient drop in plasma fibrinogen levels and the appearance of fibrin 
degradation products in low concentrations (mean 1-5 mg/I) were seen. 
Oxyhaemoglobin dissociation curves showed the salvaged red blood cells 
to have a normal affinity for oxygen. Renal and hepatic function 
remained unaltered and there were no complications attributable to 
autotransfusion. The device was easy to handle and a trained operator 
was not required. 


The concept of autotransfusion is more than 100 years old’ 
but has become the focus of renewed interest over the past two 
decades? ?. Reasons for this are increased requirements of blood 
during complex operations in elderly patients and the shortage 
and high cost of homologous blood*. Increased awareness of 
the risk of transmission of the human immunodeficiency virus 
and hepatitis through use of homologous blood has further 
encouraged the development of autotransfusion*®, 

Simple autotransfusion involving the collection and 
reinfusion of blood without washing the red cells has been 
studied during major vascular surgery since 1985 and has been 
found to be safe for the slow collection and reinfusion of up to 
1500-2000 ml blood’-®. Cell-saving devices that collect and 
wash red cells by centrifugation then concentrate and resuspend 
them in saline for transfusion have been in use for many 
years'°-!?, Although capable of salvaging larger volumes, they 
have the disadvantages of traumatizing and activating blood 
components as well as requiring a longer time and a trained 
operator for blood processing. 

The present study investigated the use of a new cell-saving 
device, which uses a membrane filtration method to separate 
salvaged blood, in patients undergoing aortic surgery. Because 
of its simpler and gentler cell separation the device aims to limit 
red cell damage, reduce processing time and eliminate the need 
for a trained operator. 


Patients and methods 


Between June and August 1991, the Haemocell System 350 (Haemocell, 
Abingdon, UK) was used to salvage intraoperative blood lost in ten 
patients undergoing elective abdominal aortic surgery. There were six 
men and four women, of mean age 65:9 (range 44-78) years. Five 
patients were operated on for aortic aneurysm and five for aortoiliac 
occlusive disease. Investigation before operation showed that all 
patients had normal haematological and coagulation profiles and renal 
and hepatic function. No patient was using aspirin or anticoagulant 
therapy before surgery. 

All operations were performed under general anaesthesia and 
routine haemodynamic monitoring. Heparin (150 units/kg) was given 
intravenously before blood collection. First, 20 ml heparinized saline 
(5000 units/dl) was sucked in to moisten the filter in the reservoir. 
Pooled and free-flowing blood was then sucked from the abdominal 
cavity into plastic reservoirs using a low-pressure (80-100 mmHg) 
vacuum source. In seven of the ten patients the effect of heparin was 
reversed with 50-100 mg protamine after blood salvage was complete. 


Cell separation was performed by passing the collected blood 
through a vortex mixing filter with longitudinal! channels approximately 
60 x 0-75 mm in section and bounded by membrane. The concentrated 
cellular components were then pumped into a cell-washing reservoir 
where they were mixed with saline before being passed through the 
filter for a second time. Finally, the cells and remaining liquid were 
pumped into a reinfusion reservoir; this concentrated red cell 
suspension was immediately reinfused into the patient through a 40-pm 
filter. The overall timescale is shown in Figure 1. 

Each patient received 1 unit salvaged blood during operation; this 
was the only blood transfused during surgery in five patients. Two 
patients received 3 units each, two patients 2 units each and one patient 
1 unit homologous blood during operation. In addition, after operation 
four patients received 2 units and three patients 1 unit homologous 
blood. In two of the ten patients the I unit autologous blood was the 
only blood transfused throughout the hospital stay. Two patients 
underwent re-exploration for intra-abdominal bleeding 3 and 5h after 
initial surgery. During the second exploration, the first patient received 
2 units fresh frozen plasma and the second 4 units fresh frozen plasma 
plus 6 units platelets. In both patients a source of bleeding was identified 
{back-bleeding from the inferior mesenteric artery in one and median 
sacral artery in the other), and no evidence of coagulopathy was found. 
Both patients had normal coagulation profiles 4 h after initial surgery. 
There were no deaths. 

Venous blood was collected before surgery and at 4 and 24 h after 
operation. Samples of blood were also taken from the collection 
reservoir before filtration (R1) and from the reinfusion reservoir before 
the blood was returned to the patient (R2). Haemoglobin, haematocrit, 
white cell count (WCC), platelet count, prothrombin time (PT), 
activated partial thromboplastin time (APTT), and levels of fibrinogen 
and fibrin degradation products were estimated in each blood sample. 
Fibrin degradation products were estimated by the D-dimer screening 
test using antifragment D antibody-based latex agglutination. The 
extent of haemolysis was assessed by spectrophotometric estimation’? 
of free plasma haemoglobin. Plasma heparin was assayed by an 
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Figure 1 Timescale of autotransfusion of blood using the Haemocell 
System 350 
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automated method using a chromogenic substrate to measure anti-Xa 
activity '*. 

Oxyhaemoglobin dissociation curves of paired samples of processed 
and venous blood drawn from each patient contemporaneously with 
the collection of blood from the operative field were plotted using an 
automated tonometer (Hemox-Analyser Model B; TCS Medical 
Products, Philadelphia, Pennsylvania, USA), These curves were plotted 
at pH 7-4 and 37°C and the partial pressures of oxygen required to 
produce 50 per cent haemoglobin saturation (Ps, ) compared’. 

Postoperative biochemical analyses included determination of 
blood urea and serum creatinine levels to assess renal function, and 
estimation of total protein, bilirubin and serum calcium concentrations. 

Statistical analysis was carried out using Student’s paired t test and 
repeated measures of analysis of variance as appropriate. 


Results 


The mean intraoperative blood loss’ was 730 (range 
500-1200) ml and mean volume salvaged 435 ml (59-6 per cent 
of total loss, range 41-6—72-0 per cent). 

The mean haemoglobin level decreased from a preoperative 
value of 13-4 g/dl to 12-8 g/dl at 4 h and 12-7 g/dl at 24 h after 
surgery; mean haematocrit values showed a similar pattern 
(Figure 2). These reductions in haemoglobin level and haem- 
atocrit were not statistically significant. There was a significant 
rise (P = 0-004) in mean WCC from a preoperative value of 
8-25 x 10°/1 to 13-9 x 10°/1 at'4h and 12-4 x 10°/I at 24h 
after operation. The platelet count declined from a mean 
preoperative level of~279 x 10°/l to 219 x 10°/l at 4h and 
183 x 10°/1 at 24h. Although this drop was statistically 
significant (P = 0-001), the count fell below 150 x 10°/lin only 
two patients, and did not result in any bleeding complications 
after operation. 

Slight increases in haemoglobin level, haematocrit, WCC 
and platelet count from sample R1 to R2 were consistent with 
filtration and concentration of cellular components in the 
salvaged blood (Figure 2). Mean(s.e.m.) free plasma haemo- 
globin levels were 412(89) mg/dl in R1, falling to 276(45) mg/dl 
after processing. The mean(s.e.m.) systemic levels were 
17(9) mg/dl at 4h and 8(3) mg/dl at 24 h after surgery. 
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Figure 3 shows serial changes in coagulation parameters. 
The PT ratio increased significantly (P = 0:011) from a 
preoperative mean(s.e.m. ) of 1-01 (0-01) to 1-09(0-03) at 4 h and 
1-16(0-04) at 24 h. APTT ratios showed no significant change. 
The mean(s.e.m.) preoperative plasma fibrinogen level of 
3-81(0-45) g/l dropped significantly (P =0-001) at 4h to 
3-09(0°59) g/l and recovered to 3-95(0-40) g/l at 24h after 
operation. Sample R2 contained little fibrinogen because of 
losses during processing. The median level of fibrinogen 
degradation products was 3-8 mg/l in R1 and fell significantly 
{P < 0-04) to 2:8 mg/l in R2. Systemic levels remained steady 
at 1-5 mg/l at 4 and 24h after operation. The mean(s.e.m.) 
heparin concentration in R1 was 5-76(1-11) units/ml, falling to 
4-93(0-91) units/ml in R2. Heparin was virtually absent from 
the systemic circulation at 4 and 24 h (0-10 and 0-00 units/ml 
respectively ). 

The oxygen-carrying capacity of the salvaged red blood cells 
remained normal from comparison of oxyhaemoglobin 
dissociation curves. The mean(s.e.m.) fractional difference 
between the Ps) of venous blood and R2 was not statistically 
significant (—2-81(3-05) per cent). 

The results of biochemical analyses are shown in Table 1. 
Renal function remained normal after operation. A significant 
rise (P = 0-027) in mean bilirubin level at 24h was noted, 
although it remained within the normal range. Mean circulating 


Table l Biochemical analysis of blood before and after autotransfusion 





Before 4h after 24h after 

operation operation operation 
Total protein (g/1) 70-5(1-8) 53-3(1-4)* 53-3(1:3)* 
Bilirubin (mmol/I) 7-0(0-9) 9-9(2:3) 13-5(1-9)t 
Urea (mmol/l) 5-9(0-5) 5-6(0-4) 6-4(0-7) 
Creatinine (mmol/1) 0-11(0-01) 0-11(0-01) 0-12(0-01) 
Calcium (mmol/I) 2-37(0-04) 2-00(0-04)* 1-99(0-06)* 


Values are mean(s.e.m.). *P = 0-001; tP = 0-027 (versus preoperative 
value, Student’s ¢ test) 
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Figure 2 Changes in a haemoglobin level, b haematocrit, ¢ white cell count (WCC) and d platelet count. Values are mean(s.e.m.). Salvaged blood: 
RI, from reservoir before filtration; R2, from reservoir before return to patient. *P < 0-005 versus preoperative value (analysis of variance) 
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Figure 3 Changes in a prothrombin time (PT), b activated partial 
thromboplastin time (APTT) and c plasma fibrinogen level. Values are 
mean(s.e.m.). Salvaged blood: R1, from reservoir before filtration; R2, 
from reservoir before return to patient. *P < 0-005 versus preoperative 
value (analysis of variance) 


serum protein levels dropped significantly (P = 0-001), liver 
enzyme levels remained within the normal range and serum 
calcium levels dropped significantly (P = 0-001) after surgery. 


Discussion 

Intraoperative autotransfusion has become widely accepted 
over the past decade; routine and emergency aortic surgery are 
accepted indications for its use’!4©. The commonly used 
cell-saving devices wash and centrifuge red cells before 
suspending them in saline. Although a large volume of blood 
salvaged in this way has been safely transfused'!:!7, these 
devices can traumatize and activate blood components, 


resulting in haemolysis-related renal and hepatic dysfunction 
and coagulopathies!?:1®, Additional adverse effects include air 
embolism, microembolism, platelet and fibrinogen loss, and 
changes in 2,3-diphosphoglycerate affecting oxygen-carrying 
capacity of red blood cells?®!9, 

In recent years, simple autotransfusion devices, via which 
collected blood is immediately transfused without washing the 
red cells, have reduced both complexity and cost of the 
procedure®. However, these devices have been shown to be safe 
from coagulopathy and haemolysis only below volumes of 
salvage and reinfusion of 2000 ml, with the anticoagulant dose 
and presence of other contaminants being limiting factors™®, 
These systems, designed for use during slow intraoperative 
blood loss, are not helpful in severe rapid haemorrhage?°. 
Survival of red cells autotransfused using such systems is similar 
to that of non-salvaged cells??. 

The Haemocell System 350 employed in the present study 
uses filtration aided by the fluid dynamic technique of vortex 
mixing, which allows highly efficient separation of liquid and 
cellular components of blood??. Vortex mixing is a process in 
which blood is agitated in a defined reproducible way as it 
crosses a microporous plastic membrane, allowing only soluble 
components to pass through. It reduces the tendency of cells 
to bind to the membrane surface, allowing filtration to continue 
assisted by a low pressure differential (<100 mmHg) across 
the membrane. Wetting the membrane with saline before 
processing reduces the frictional forces experienced by the 
cellular components and eliminates virtually all cell damage. 
The device is simple to use and does not require a trained 
operator. A full wash requires 10 min to process 500 ml blood. 
The, concentration step alone can be performed in 5 min in an 
emergency. 

In the present study each patient was transfused with only 
1 unit salvaged blood; there were no complications attributable 
to salvage and reinfusion. In both patients re-explored for 
bleeding, a source of haemorrhage was identified; no evidence 
of coagulopathy was found. 

Good preservation of cellular components including 
platelets was seen. Although there was an overall drop in 
platelet count, it remained within normal limits. Additional 
bank blood transfused may have been responsible because the 
two patients who received no bank blood showed an 
insignificant fall in platelet count. The level of plasma 
haemoglobin, present in significant amounts in salvaged blood, 
was reduced during processing; concentrations in peripheral 
blood were just above normal at 4 h and normal at 24 h after 
surgery. Heparin was effectively removed during filtration; the 
levels in systemic blood were extremely low 4 h after operation. 
A transient fall in fibrinogen concentration was seen but this 
returned to normal within 24 h. This finding is consistent with 
a previous study, which showed that the plasma fibrinogen level 
falls during and after aortic surgery but is not mirrored by 
increases in fibrin breakdown products?*. Small amounts of 
fibrin degradation products were detected in the systemic 
circulation at 4 and 24 h after operation; significant quantities 
were removed during processing of salvaged blood. Renal and 
hepatic function remained normal after surgery. 

The functional capacity of red blood cells prepared for 
reinfusion by the cell saver was found to be unaltered. Stored 
blood may have a leftward shift of the oxyhaemoglobin 
dissociation curve because of depleted intracellular 2,3- 
diphosphoglycerate!*?*, This may impair oxygen delivery to 
the tissues and cause cellular hypoxia. The blood from the cell 
saver had normal oxygen affinity and was physiologically suited 
to oxygen delivery. It may thus be advantageous to use 
autotransfusion for patients with potentially impaired oxygen 
delivery, e.g. the elderly, during pregnancy and in patients with 
ischaemic vascular disease, renal failure or anaemia. 

This study establishes the clinical and haematological safety 
of the Haemocell 350 System. Further work involving salvage 
and reinfusion of larger volumes of blood is required to assess 
the functional capacity of this new cell saver. Its ease of 
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operation and cost-effectiveness make it 


suitable for 


widespread use even in small peripheral centres. 
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Ankle fracture is associated with 
prolonged venous dysfunction 


Leg swelling is a significant problem following ankle fracture. Venous 
pump function and femoral and popliteal venous patency were assessed 
prospectively in 26 patients with ankle fractures requiring open 
reduction, internal fixation and immobilization in plaster. Functional 
venous volume, venous filling index (VFI), ejection volume fraction 
(EVF) and residual volume fraction (RVF) were measured using air 
plethysmography at 5 days and at 6, 12 and 18 weeks after fracture. 
The uninjured leg was used as a control. Popliteal and femoral venous 
patency was determined using duplex ultrasonography. No patient 
developed deep vein thrombosis during the study. At 5 days after fracture 
there was a significant reduction in mean(s.d.) EVF, 18-2( 12-1) versus 
55:9(19-5) per cent, and increase in RVF, 87-0(14:3) versus 
42-5(22-2) per cent (both P < 0-001). Analogous values were similar 
at 6 weeks, EVF 28:5(21-2) versus 55-6(21-9) per cent, RVF 82-2( 16-8) 
versus 48-5(23-8) per cent (both P < 0-001), and at 12 weeks, EVF 
39-1(16-0) versus 60-3(14-9) per cent, RVF 64-7(18-8) versus 
38-8( 13-2) per cent (both P < 0-001). However, by 18 weeks there was 
no significant difference in venous function between fractured and control . 
limbs. It is concluded that there is a significant and prolonged impairment 


Professor D. Bouchier-Hayes 


Leg swelling is a significant problem following ankle fracture. 
Such fractures are usually produced by indirect or torsional 
forces applied across the ankle and thus are not typically 
associated with direct venous or lymphatic injury. To attribute 
swelling simply to the trauma of fracture fails to take account 
of the persistence of swelling for several months after the original 
injury. Persistent leg swelling may result from local venous 
hypertension due either to venous occlusion by thrombosis or 
reduced venous pumping’. Deep vein thrombosis (DVT) 
following tibial fracture occurs in 16-54 per cent of cases?->. 
However, no previous reports have described venous function 
after lower-limb fracture. This study therefore set out to assess 
venous patency and venous pump function after ankle fracture. 


Patients and methods 


Between March and December 1990, 59 patients presented with 
unilateral ankle fracture. Of these, 26 (44 per cent) required open 
reduction and internal fixation of the fracture followed by 
immobilization in a plaster cast. Patients with chronic venous disease 
or a history of DVT were excluded. All 26 patients participated in the 
study. 

Immediately after surgery patients were encouraged to move the 
ankle joint and a plaster cast was applied on the fifth day after operation. 
The patients remained non-weight bearing in the cast for 6 weeks. The 
cast was then removed and active mobilization and partial weight 
bearing commenced; patients were fully weight bearing by 12 weeks. 
Duplex ultrasonography and air plethysmography were performed on 
both legs (fractured and uninjured control) at 5 days after fracture, 
before the application of the cast. Patients were examined clinically 
and radiologically, and the venous studies repeated after removal of 
the cast at 6 weeks and subsequently at 12 and 18 weeks after fracture. 

Duplex scanning (Acuson, Mountain View, California, USA) was 
used to visualize the femoral and popliteal veins and assess the outflow 
vessels for venous thrombosis'*. An air plethysmograph (APG-1000; 
ACI Medical, Sun Valley, California, USA) was used to assess the 
efficiency of lower-limb venous pump function*-’. Using this device, 
several parameters may be measured: (1) the functional venous volume, 
which is the difference in leg volume between the elevated and dependent 
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` in venous pump function following ankle fracture. 
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Figure 1 Typical air plethysmograph tracing with the position of the 
leg shown schematically. Venous volume (VV), ejection volume (EV) 
and residual volume (RV) are measured as shown. Venous filling index 
is calculated by dividing the time taken to reach 90 per cent of VV into 
this volume. Outflow rate, not shown, is the rate of emptying of the 
elevated limb following sudden deflation of a venous tourniquet 


positions; (2) the time taken to reach 90 per cent of this volume; the 
fraction of 90 per cent of venous volume over this time is the venous 
filling index (VFI), an indication of valvular function; (3) the volume 
of blood ejected from the leg by a single muscle contraction (‘tiptoe 
manoeuvre’), the ejection volume; and (4) the volume remaining after 
ten muscle contractions, the residual volume. The volume ejected by 
a single contraction and that remaining after ten contractions are 
expressed as fractions of the functional venous volume, the ejection 
volume fraction (EVF) and residual volume fraction (RVF) 
respectively. Both EVF and RVF are sensitive indicators of venous 
pump function', and the latter has been shown to correlate closely 
with ambulatory venous pressure measurements: The presence or 
absence of outfiow-tract obstruction is indicated by measuring venous 
outflow rates. Figure I illustrates a typical recording taken during a 
sequence of postural changes and exercise. 

All data are expressed as mean(s.d.). Results were compared using 
Student’s t test for paired data and the Oxstat computer statistics 
program (Microsoft, Basingstoke, UK); P <0-05 was regarded as 
significant. 
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Table 1 Venous function in fractured and non-fractured limbs of 26 patients with unilateral ankle fracture 





Residual volume 
fraction (%) 


Ejection volume 


Outflow rate (ml/s) fraction (%) 





Venous filling 
Venous volume (ml) index (ml/s) 
5 days 
Fracture 114-9(28-5)* 2:3(2-4) 
Control 78-4(29:8 ) 1:7(1°8) 
6 weeks 
Fracture 90:6(27-0) 1-8(1-4) 
Control 78-7(23:3) 1-4(1:3) 
12 weeks 
Fracture 95-8(32-4) 3-0(2:3) 
Control 95-0(37-4) 1:5(2:4) 
18 weeks 
Fracture 96-3(17-7) 3-0(3-2) 
Control 94-0(28-6) 1:5(1-6) 


44-5(14-2) 18-2(121)* 87-0(14-3)* 
44-3(13-2) 55-9(19-5) 42:5(22-2) 
453(17°8) 28-5(21-2)* 82:2(16-8)* 
44-0(12:1) 55-6(21-9) 48-5(23-8) 
50-0(14-2) 39-1(16-0)*t 64-7(18-8)*t 
46-9(12:8) 60-3(14-9) 38-8(13-2) 
50-5(9-2) 57-1(16°3)t 39-9(16-3 + 
45-8(11-4) 57-6(17°6) 33-0(16-5) 





Values are mean(s.d.). *P < 0-001 versus control; tP < 0-001 versus 5 days (Student’s t test) 


Results 


Duplex ultrasonography showed no evidence of DVT in the 
popliteal or femoral veins in any patient either immediately 
after operation, after removal of the plaster cast at 6 weeks, or 
at subsequent follow-up at 12 and 18 weeks. Clinical and 
radiological assessment showed satisfactory progress of healing, 
with no evidence of demineralization or clinical evidence of 
reflex sympathetic dystrophy in any patient. 

Functional venous volume was significantly greater in the 
fractured limbs than in controls in the immediate postoperative 
period. Subsequently, there was no significant difference in 
venous volume between fractured and control limbs (Table 1). 
VFI and venous outflow in the fractured limbs did not differ 
significantly from those of the control limbs on any occasion 
(Table 1). 

There was a significant reduction in EVF and increase in 
RVF in fractured limbs compared with controls before 
application of the cast at 5 days. Both EVF and RVF remained 
significantly worse in fractured limbs at 6 weeks. At 12 weeks 
after fracture there was a significant improvement compared 
with 5-day values in both EVF and RVF. However, both EVF 
and RVF remained significantly impaired compared with the 
controls at 12 weeks. By 18 weeks both EVF and RVF in the 
fractured limbs had returned to normal (Table 1). 
Discussion 
This study has demonstrated for the first time a functional 
impairment in the venous system following ankle fracture. 
Furthermore, this abnormality persists for 18 weeks, occurs in 
the absence of significant obstruction of the femoral or popliteal 
veins, and is reversible. These findings help elucidate the 
pathogenesis of leg swelling following fracture. Lower-limb 
fractures are associated with a high incidence of leg swelling. 
This is seen primarily in association with tibial fracture, where 
direct venous injury may lead to a significaftt incidence of 
venous thrombosis™? and chronic venous disease*-!!, The 
contribution of associated lymphatic injury remains unclear. 

Although extensively studied in relation to tibial fracture”, 
there is a paucity of information on the-ificidence of venous 
thrombosis in patients with ankle fractures. Although 
venography is the ‘gold standard’ in detecting venous 
thrombosis in the lower limb, this technique is not without 
risk. Duplex ultrasonography is an alternative non-invasive test 
with a sensitivity and specificity of almost 100 per cent for 
thrombi in the femoropopliteal venous system’?!? and a 
sensitivity of 70 per cent for those below knee level*. The 
findings of the present study suggest that significant DVT 
occurs much less frequently in ankle than tibial fractures 
(16-54. per cent of cases)***, casting doubt on the need for 
antithrombotic prophylaxis in the former group of patients. 
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Duplex ultrasonography also showed that significant outflow 
obstruction.was unlikely to be a major contributory factor to 
swelling in the patients studied. 

Venous return from the leg and foot depends primarily on 
emptying the soleal venous plexus, by contraction of the plantar 
flexors of the ankle or activation of the plantar venous pump 
by weight bearing in the presence of an intact valvular system‘*. 
The finding from air plethysmography that venous volume is 
significantly greater in limbs with fractures in the immediate 
postoperative period is not surprising. These results reflect 
maximal venous pump impairment with consequent dilatation 
of the capacitance vessels in the soleal plexus. However, at 6 
weeks there was no difference in venous volume between 
fractured and control limbs, and impairment of this particular 
parameter cannot be advanced as an explanation ‘for limb 
oedema at this time. 

Air plethysmography also demonstrated a significant 
reversible impairment of calf pump function following ankle 
fracture. Initially EVF was reduced and RVF increased. At 6 
weeks both pain and ankle stiffness are likely to cause impaired 
pump function. Subsequently, as the patient begins to bear 
weight on the limb, venous pump function improves. This may 
reflect increased activity in the plantar venous pump which will 
function on weight bearing, although ankle joint movement is 
still restricted. At 12 weeks, although the fracture is healed and 
the patient fully weight bearing, venous function is still 
significantly impaired. It is not until 18 weeks that venous 
pumping returns to normal. 

The use of the contralateral uninjured leg as a control does 
not allow the distinction to be made between the relative 
contributions of fracture, surgery and subsequent immobil- 
ization in plaster to the overall impairment of venous function. 
Nevertheless, it does demonstrate that the net result of all these 
factors is to produce a significant impairment of venous pump 
function. Immobilization in a cast alone is likely to inhibit 
venous pumping; further studies comparing fractured limbs 
with and without plaster may help distinguish the effects of 
fracture and surgery from those of immobilization. 

Prolonged limb swelling following ankle and wrist fracture 
occurs as part of the syndrome of reflex sympathetic dystrophy 
or algodystrophy. This is characterized by painful swelling 
associated with erythema, shiny skin and radiological evidence 
of decreased bone density **. The incidence of reflex sympathetic 
dystrophy following various types of injury and different 
methods of treatment remains unknown’*. No patient in this 
study developed the clinical or radiological features of this 
syndrome. 

This study highlights the prolonged period of recovery after 
ankle fracture and indicates a need for therapeutic modifications 
to try to reduce the duration of convalescence. To decrease the 
morbidity associated with lower-limb swelling following ankle 
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fracture, measures directed towards earlier rehabilitation of the 
venous pump need to be considered. Where possible serious 
consideration should be given to managing patients with ankle 
fracture without a cast, or to using a modified cast such as a 
hinged below-knee plaster. The use of venous pumps!® or 
compression stockings within the cast may be an alternative. 
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The development of benign lymphoepithelial parotid cysts in 
association with human immunodeficiency virus (HIV) 
infection has recently been reported in the USA, but the 
condition has yet to be brought to the attention of general’ 
surgeons on this side of the Atlantic. The diagnosis is an 
important one, because surgical intervention can be avoided. 


Case report 


A 32-year-old man known to have been HIV positive since 1986 
presented in 1990 with oral candidosis, genital herpes and axillary 
lymphadenopathy. Clinical examination also revealed bilateral parotid 
swelling. The man was treated with acyclovir and amphotericin B 
lozenges and symptoms improved, although both parotid glands 
continued to enlarge painlessly over the following months. Computed 
tomography (CT) was performed, revealing multiple cysts within 
grossly enlarged parotid glands (Figure!) and a 2-cm right 
submandibular lymph node. The largest cyst was aspirated and found 
to contain 25 ml dark orange fluid; microscopic examination of this 
demonstrated lymphocytes and benign epithelial cells. These features 
were recognized as those of HIV-related benign lymphoepithelial 
parotid cysts and hyperplastic cervical lymphadenopathy, and parotid 
surgery was avoided. The parotid swelling has now been present for 2 
years, causing no symptoms other than occasional discomfort, which 
is relieved by outpatient cyst aspiration. 


Discussion 
Several cases of cystic parotid swelling have now been reported 
in patients with either acquired immune deficiency syndrome 
or HIV infection or who are at ‘high risk’ but of unknown HIV 
status, and they are usually treated by superficial parotid- 
ectomy'~*. The features on CT appear to be characteristic, 
consisting of multiple homogeneous cystic masses with 
peripheral rim enhancement usually, but not invariably, 
affecting both glands. Multiple homogeneous cervical lymph 
nodes up to 2 cm in diameter are frequently seen in association 
with the condition*. The histological features are also 
characteristic, consisting of cysts lined by cuboidal and 
squamous epithelium surrounded by lymphoid tissue with 
prominent germinal centres!:?**. 

Other causes of cystic parotid disease include retention cysts, 
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Figure 1 Computed tomography with intravenous contrast enhancement 
of the neck, showing bilateral cystic parotid swelling 


congenital first branchial cleft cysts and cystic Warthin’s 
tumours, but these are usually unilateral; congenital polycystic 
disease of the parotid is rare*~®. Malignant swellings of the 
parotid such as lymphoma or metastatic Kaposi's sarcoma have 
also been reported in association with HIV infection, but these 
conditions have quite different clinical and CT appearances*"* 
The diagnosis of benign lymphoepithelial parotid cysts can thus 
be confidently made in an ‘at-risk’ patient on the basis of CT 
and cytological findings, and indeed this diagnosis may precede 
other manifestations of HIV-related illness'’. Superficial 
parotidectomy appears to be unnecessary either for diagnosis 
or for control of symptoms. 
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The technique and outcome of surgery for the manifestations of 
secondary hyperparathyroidism are described. Forty-seven patients were 
analysed retrospectively over a 10-year period. Total parathyroidectomy 
and autotransplantation to the forearm was performed in all but five 
patients. Improvement occurred in 87 per cent of patients and there 
were no graft failures. Of six deaths, none was related to surgery. Four 
patients had recurrent hyperparathyroidism, three being graft dependent 
and one requiring re-exploration of the neck. Total parathyroidectomy 
and autotransplantation is a safe and effective approach. The major 
management problem was graft hyperplasia, seen in three of the 47 


5069 patients and managed by simple excision. 


The physiological response to the prolonged hypocalcaemia of 
renal failure results in secondary hyperparathyroidism. Early in 
the disease the effects of excess levels of parathyroid hormone 
(PTH) can be controlled by medical means. When the mass 
of functioning parathyroid tissue becomes so great that medical 
therapy fails, surgical treatment is required. From 3 to 
32 per cent of patients on chronic haemodialysis will require 
surgery for severe hyperparathyroidism'. 

Parathyroidectomy has recently become an established 
treatment for secondary hyperparathyroidism. In 1960, 
Stanbury et al. reported the first patient with complications 
of secondary hyperparathyroidism undergoing successful 
elective subtotal parathyroidectomy. In 1967, Oge* introduced 
total parathyroidectomy, but the procedure lost favour because 
of the long-term requirement for calcium and vitamin D 
supplementation. Wells er a/.5 in 1975 described the technical 
success of total parathyroidectomy with autotransplantation 
of parathyroid fragments into forearm muscle and cryo- 
preservation of reserve parathyroid. This method has proved 
increasingly popular, with the recent literature reporting 
minimal problems with graft failure and recurrent 
hyperparathyroidism!:7-6"!°, 

This study analysed the success of surgery in relieving 
the manifestations of secondary hyperparathyroidism and 
records experience with total parathyroidectomy and 
autotransplantation. 


Patients and methods 


Hospital and private records were analysed retrospectively from 47 
patients who had undergone parathyroidectomy for secondary 
hyperparathyroidism between 1981 and 1991. The accuracy of 
information retrieved was verified by the current treating nephrologist 
and the operating surgeon. 

There were 20 male and 27 female patients, with a mean age of 45 
(range 17-70} years at the time of parathyroidectomy. Thirty-four of 
the patients were being treated by haemodialysis and three by peritoneal 
dialysis. One patient required neither and this information was 
unavailable for another. Eight patients had functioning renal 
transplants at the time of surgery. Patients were followed for a mean 
of 40 (range 1-107) months. Forty-six patients underwent surgery for 
the first time and one required reoperation after previous resection of 
three and a half glands 10 years earlier. 

Preoperative investigations included serial serum calcium, phosphate 
and alkaline phosphatase estimations. Skeletal surveys were performed 
at frequent intervals by radiography of the hands. clavicles, 
thoracolumbar spine and pelvis, Serial PTH levels were also obtained. 
A variety of PTH assays was used over the 10 years, including 


C-terminal, N-terminal and mid-molecule types, but recently the intact 
molecule has been measured. Bone biopsy from the iliac crest was 
obtained for histological analysis in the majority of patients. 
Localization procedures proved of limited value. 

Patients were admitted to the renal unit 3 days before surgery. The 
dose of calcitriol was increased to 500 ug daily on admission. Daily 
surveillance attempted to maintain serum calcium levels <3 mmol/l 
and phosphate <2 mmol/l. Dependent patients underwent dialysis on 
the day before surgery. 

The indications for parathyroidectomy are shown in Table 1, which 
gives the most significant severe complication warranting surgical 
intervention in each patient. No single feature was an absolute 
indication for surgery and in all cases other confirmatory changes of 
hyperparathyroidism were present. Active bone disease was established 
by radiographic and histological demonstration of renal osteo- 
dystrophy with progressive bone resorption that had not improved 
despite appropriate medical therapy. Persistent hypercalcaemia often 
heralded a failure of medical therapy by precluding the further use of 
calcitriol. Severe soft tissue calcification unresponsive to tight dietary 
control of phosphate prompted parathyroidectomy to minimize further 
ectopic calcification. A severe excess of PTH (at least ten times normal 
level) with other supporting evidence of hyperparathyroidism was 
responsible for initiating surgery to prevent calciphylaxis. This fatal 
syndrome, first described by Selye er al.. is characterized by 
progressive ischaemic necrosis of large areas of skin, associated with 
extensive vascular and soft tissue calcification. Occasionally surgery 
was indicated for other reasons such as severe bone pain unresponsive 
to vitamin D administration. 

All operations were performed by one of two consultant surgeons 
using the technique described by Wells et al.. Surplus fragments were 
initially sent for cryopreservation, but this was subsequently 
discontinued because reimplantation was never necessary. 

Total parathyroidectomy and autotransplantation to the forearm 
was performed in all but five patients. Two patients with calciphylaxis 
underwent total excision with no autograft, and in three an 
intraoperative decision was made that subtotal parathyroidectomy 
would be more appropriate. 


Table 1 /ndications for and outcome of parathyroidectomy 
Indication for surgery No. improved 
Active progressive bone resorption 21 of 21 (100) 


Persistent hypercalcaemia 8 of 10 (80) 
Severe soft tissue calcification S$ of 7 (71) 
Parathyroid hormone excess 5 of 6 (83) 
Other 2 of 3 (67) 
Total 41 of 47 (87) 





Values in parentheses are percentages 
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Table 2 Late mortality 





Time after 
operation 


Cause No. (months) ` 





.2,3 
1 
35 
45 
84 


Calciphylaxis 
Cerebrovascular accident 
Cardiac arrest 

Aortic valve replacement 
Major depression (suicide) 


eee O 





Table 3 Morbidity 
Complication No. 


Surgical 
Donor : 
Recurrent laryngeal nerve palsy (temporary 
Recurrent laryngeal nerve palsy (permanent) 
Haematoma 
Infection 


Graft 
Haematoma 
Infection 


NAON 


— 


General 
Chest infection 
Pyrexia of unknown origin 
Fluid overload 
Hypercalcaemia 
Tissue necrosis after calcium extravasation 
Hypertension 


Ae ere pee NON 





A technique of intraoperative insertion of a jugular central venous 
line under direct vision was developed to facilitate management of 
postoperative hypocalcaemia. After the introduction of this technique 
in 1986, 13 patients had a central venous line inserted during the 
operation, with no reported complications. 


All patients were closely monitored after operation and calcium - 


levels maintained by slow intravenous infusion of 10 per cent calcium 
chloride (42 mmol calcium in 500 ml 5 per cent dextrose at 10 ml/h). 
Serum levels were held between 1:8 and 2-6 mmol/l by adjusting the 
infusion rate. Calcitriol 1 mg daily and 1 g ionizable calcium tablets 
three times daily were prescribed as soon as oral intake commenced. 
Parathyroid status was monitored and the PTH level generally observed 
to return to normal within 7—10 days. Skeletal radiographic surveys 
were performed 3, 6 and 12 months after surgery, and bone biopsies 
were commonly repeated. 


Results 


In the first 30 days after operation there were no deaths. There 
were six late postoperative deaths, from 31 days to 7 years 
afterwards. The causes of these are shown in Table 2. Surgery 
was not a contributing factor and did not influence the course 
of the two patients with established calciphylaxis. 

Table 3 shows the morbidity, with a 21 per cent incidence 
of complications related to the operation. Surgical drainage 
was required for one of the haematomas but was not needed 
for the infected sites. Minor complications of a general nature, 
such as respiratory tract infection, were observed in 26 per cent 
of patients. 

Improvement, defined by a return to normal in the clinical, 
laboratory and radiological parameters specific to the particular 
manifestation of secondary hyperparathyroidism leading to 
surgery, occurred in 87 per cent of patients (Table 1). 

There were no cases of permanent hypoparathyroidism and 
all patients were normocalcaemic without more than 250 ug 
vitamin D supplementation daily. The maximum duration of 
intravenous calcium supplementation was 8 (mean 3-7) days. 
Four patients had recurrent hyperparathyroidism requiring 
surgery. On three occasions the forearm implants had become 
hyperplastic and were surgically reduced. In the fourth patient 
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there was no macroscopic parathyroid tissue present at the time 
of forearm re-exploration, and a supernumerary gland was 
subsequently resected from the neck. The three patients who 
developed graft-dependent hypercalcaemia all had rising PTH 
and calcium levels. In two patients, palpable nodules were 
present in the forearm; in the third, ultrasonography showed 
the focal mass of parathyroid tissue in the forearm. In all cases 
forearm exploration was carried out under local anaesthesia, 
recurrent hyperplastic glands found and significant graft 
reductions carried out. 

Of the 47 patients, 43 had complete parathyroidectomies 
confirmed histologically: 41 patients had four glands identified 
at surgery, one patient had five glands, and one patient had 
only the solitary remaining gland identified at reoperation, after 
resection of three and a half glands 10 years earlier. Persistent 
hyperparathyroidism might have been anticipated in the four 
patients where histological analysis indicated parathyroid- 
ectomy may have been incomplete, but it was observed in only 
two. A missed accessory gland accounted for a third case of 
persistent disease. 


Discussion 

Earlier publications!:?;#-1? confirm that the duration of the 
present study, the patient numbers and the mean follow-up 
compare favourably with those of previous series. Because of 
the diverse manifestations of hyperparathyroidism, post- 
operative assessment can be difficult to quantify. By directing 
attention to the particular manifestation for which the operation 
was performed, 87 per cent of patients achieved resolution of 
the main problem and a reduction in hyperparathyroidism 
generally. Previous studies have discussed indications for 
surgery and outcome! 7810.13.14 but not assessed them in this 
stratified manner. 

The low morbidity and mortality rates seen in the present 
series indicate that the operative strategies chosen were safe. 
Although the morbidity rate approached 26 per cent, the minor 
nature of these complications must be taken into account. None 
of the deaths implicated surgery as a contributing factor, and 
over a 10-year period no patient was rendered hypoparathyroid. 
This is in accordance with the results of other large series, which 
report rates of failure in the range of 5 per cent or less®. 

The most appropriate operation for secondary hyperpara- 
thyroidism is still unresolved, despite attempts to compare the 
efficacy of the two available procedures!’. In theory, total 
parathyroidectomy with autograft is better than subtotal 
parathyroidectomy because recurrence in forearm autografts is 
more easily controlled (by excision under local anaesthesia ) 
than recurrence in the neck, which requires an operation that 
is technically difficult and associated with a significant 
risk of hypoparathyroidism and recurrent laryngeal nerve 
damage’*®?:!". In previous reports the majority of recurrences 
have required neck re-exploration for overlooked parathyroid 
tissue!? 16-17. This has negated the theoretical advantages of a 
simple reduction procedure in the forearm and led to subtotal 
parathyroidectomy being the favoured procedure. 

Pronounced postoperative hypocalcaemia is a predictable 
sequel to parathyroidectomy. The hypocalcaemia is attributable 
to delayed function of the graft or parathyroid remnant and 
the ‘hungry bones’ of severe osteitis fibrosa cystica. Several 
studies have reported problems with inadequate calcium 
replacement in this situation®!*. The protocol of aggressive 
postoperative calcium replacement has overcome this problem. 
With the central venous line inserted at surgery, a calcium 
infusion commences immediately after operation. This 
technique eliminates the risk of skin necrosis, which occurs if 
calcium extravasates from a peripheral intravenous line. 
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Recent studies!:? have reported a significant reduction in overall 
and disease-free survival rates in premenopausal women with 
operable breast cancer undergoing surgery during the follicular 
rather than the luteal phase of the menstrual cycle. Others*~* 
have not been able to confirm this relationship. The records of 
patients seen at the William Harvey Hospital were therefore 
examined to test this hypothesis. 


Patients and methods 


The records of 227 premenopausal women with operable breast cancer 
treated between 1979 and 1988 were studied. All were followed up at 
regular intervals. Women with unknown last menstrual period, 
irregular cycles or who were taking the contraceptive pill were excluded. 
Complete data were available for 132 patients. 

The interval between onset of the last menstrual period and first 
surgical ‘interference’ with the tumour (Tru-Cut (Travenol Labora- 
tories, Deerfield, Illinois, USA) or fine-needle biopsy, excision biopsy 
or mastectomy ) was used to divide patients into two groups. A putative 
time of ovulation was set 13 days after the first day of the last menstrual 
period. Group t patients (n = 40) underwent excision or needle biopsy 
between days 3 and 12 of the cycle and group 2 (n = 92) between days 
0 and 2 or between days 13 and 33. The data were then reanalysed 
discounting any needie biopsy, using the date of removal of the tumour 
by excision or mastectomy to separate the patients into two groups by 
the same criteria. 

Tumour stage, size and type were compared using the y? test. 
Overall and disease-free survival rates were calculated by the 
Kaplan-Meier product limit estimate method and compared using the 
log | rank test. Hazard ratios were calculated using Cox’s regression 
model. 


Results 


Tumour stage, size and type were similar in the two groups. 
There was no difference between them in overall survival rate 
(Figure 1) or in disease-free survival rate (data not shown). 
This was true whether the relation to the.menstrual cycle was 
calculated from the first intervention or from the first inpatient 
surgical procedure. The hazard ratio (group 1:group 2) for 
overall survival was 0-99 (95 per cent confidence interval 
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No. at risk Time (years) 
Group 1 40 38 25 15 7 2 
Group 2 92 88 58 32 14 4 


Figure 1 Survival rate in relation to timing of first inpatient operation. 
——, Group | (operation between days 3 and 12 of cycle); ----- , group 
2 (days 0-2 or 13-33). P = 0-96 (log rank test) 


0-56-1-70) and for disease-free survival 087 (95 per cent 
confidence interval 0-52—1-46). 


Discussion 

After studies on mice, in which metastases were found to occur 
more frequently if resection of a breast tumour was undertaken 
close to the time of ovulation, a similar relationship between 
survival and the timing of surgery was observed in a small 
number of premenopausal women. The hazard was greatest 
when surgery was performed during the perimenstrual period. 
Subsequent reports utilizing the same menstrual cycle divisions 
failed to show any differences. 

Both Senie et al.' and Badwe and colleagues” have reported 
an increased hazard for women whose tumour was excised 
during the luteal phase and suggested that this might be the 
effect of unopposed oestrogen. The present results support 
reports by Powles et al.°, Low and co-workers*, Goldhirsch 
and colleagues* and others in finding no relation between the 
timing of surgery and survival. Prospective studies should be 
carried out with biochemical analyses to determine the phase 
of the menstrual cycle more accurately before a major change 
in surgical practice is recommended. 
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An important objective in the surgical treatment of small 
(<2cm) breast cancers is the application of conservative 
surgical techniques. The elliptical radial quadrantectomy’ 
satisfies this requirement for the upper breast quadrants, 
although it is impractical in the centroinferior quadrants. The 
most common consequence following inferior quadrantectomy 
is the noticeable deformity and excessive protrusion and 
down-pointing of the nipple caused by fibrosis and retraction?*>, 
Central cylindrical quadrantectomy requires a difficult breast 
reconstruction because of resulting local glandular and skin 


deficit?*. An alternative operative technique for tumours of the 
centroinferior parts of the breast is reported. 


Surgical technique 


The technique is similar to that of reduction mammoplasty with a 
superior pedicle‘. , 

Marking (Figure la) occurs before operation. With the patient 
standing, the inframammary fold and its intersection with the 
mid-clavicular line at point D are noted. The new position of the nipple 
(point A) is fixed on the mid-clavicular line 19-21 cm from the jugular 
notch. An inverted V with its vertex at A, ending at B (medial) and C 
(lateral) about 7 cm below it and containing the nipple-areola complex, 
marks out the skin incision. The distance between B and C is determined 
by drawing them together with minimum tension while holding the 
breast upwards. Bringing together B, C and D gives an idea of the 
volume of breast that will remain and ensures ease of reconstruction. 
The shortest straight line joining B and C with the inframammary fold 
completes incision mapping. 

With the patient supine for the operation, a circular skin incision 
of 4cm diameter centred on the nipple is made. Incisions are also made 
over lines AB and AC. The area between the two incisions is dissected, 
leaving the nipple attached to the underlying tissues. The area of breast 
containing the tumour, with at least 2-3 cm of healthy tissue, is excised 
to the deep fascia, from line BC inferiorly to the inframammary fold 
(Figure 1b). The reconstruction is performed by joining B, C and D 
with an intradermal stitch (Figure Jc), while holding up the de- 





Figure 1 Incision plan and operative steps of centroinferior hemimastectomy 
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epithelialized triangular portion of the remaining breast. The vertical 
(AB and AC) and horizontal (inframammary fold) incisions are closed 
with skin stitches producing an inverted T (Figure Id). The nipple- 
areola complex is made to emerge through the circular skin incision 
and sutured separately. For centrally located tumours, the technique 
allows removal of all breast tissue contained between lines AB and AC 
en bloc with the nipple-areola complex and inferior segment. Nipple 
reconstruction is carried out by immediate reimplantation (after 
negative frozen section from the retroareolar tissue) or secondarily by 
tattooing. 

Conservative surgery can be effective in treatment, but must produce 
a cosmetically acceptable breast’. 
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European Aeromedical Institute 


On the initiative of the Medical Committee of the German Air Rescue (Deutsche 
Rettungsflugwacht), interested persons in the field of helicopter rescue work were invited to 
a first meeting in Frankfurt-am-Main on 8 September 1992 to discuss the setting up of an 
educational centre for air rescue in Europe and to found an advisory board for the European 
School for Air Rescue. After an amicable discussion concerning the different meanings of the 
European words ‘society’, ‘institute’, ‘centre’, ‘academy’ and ‘school’, the title was chosen as 
the European Aeromedical Institute Centre for Education, Information, Research and Supply 
with the abbreviation EURAMI unanimously accepted. The purposes of this organization will 
be mutual cooperation, establishment of standards, interchange of staff, protocols and data, 
documentation of all aeromedical services in Europe, training of personnel, teaching and 
scientific investigations, and the winning of European Parliamentary support for uniformly 
high standards of air rescue. Professor B. Domres was responsible for organizing this first 
meeting and, since he came from Tubingen, the future secretariat was agreed to be at nearby 
Stuttgart. Professor E. R. Steiner was chosen as the permanent Secretary but, although he 
was originally from Berlin, he would be working in Stuttgart. Before the first full meeting of 
EURAMI, correspondence should be with Professor Steiner, c/o Deutsche Rettungsflugwacht 
e.V., Echterdinger StraBe 89, D-7024 Filderstadt 1, Germany. Telephone: 010 49 711 7007 414. 


All interested should contact him directly. 
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Outcome 5 years after 360° 
fundoplication for 
gastro-oesophageal reflux disease 


Forty patients with a mean age of 45 (range 22—65) years were operated 
on between 1982 and 1985 for gastro-oesophageal reflux disease with 
a short floppy 360° fundoplication. The results of the operation were 
determined by endoscopy, oesophageal manometry, ambulatory 24-h 
pH recording and symptom evaluation 6 months and 5 years after 
operation. These results were compared with findings in healthy controls. 
The median pressure in the lower oesophageal high-pressure zone was 
13-3 (interquartile range (i.q.r.) 11-3—21-3) mmHg after 5 years, which 
did not differ significantly from the value at 6 months’ follow-up or from 
that in controls. It was, however, significantly higher than the 
preoperative pressure. The median intra-abdominal length of the 
high-pressure zone was 1-7 (i.g.r. 1-3—2:3) cm after 5 years, significantly 
less than at 6 months but equal to control length. Measurement of the 
proportion of total time at pH <4 at 5 years (median 0-2 (i.q.r. 
0-0—0-6) per cent) and 6 months after operation revealed a significant 
reduction in acid reflux compared with preoperative values and normal 
controls. There was no significant difference in acid exposure between 
the two postoperative investigations. Endoscopy showed that 27 patients 
had no oesophagitis, three had erythema and three persistent Barrett's 
oesophagus 5 years after operation. Normal belching was possible in 
22 patients and 18 experienced increased flatulence 5 years after 
fundoplication. An independent gastroenterologist found that the result 
was excellent in 16 patients, good in 16 and fair in four; two patients 
had a poor overall outcome of the operation. It is concluded that a 360° 
fundoplication provides good long-term control of reflux and that slight 
symptoms of overcompetence are common among patients operated on 
without affecting the overall result. 


There were no patients with oesophageal stricture in the study, as the 


Gastro-oesophageal reflux disease (GORD) is the most 
common oesophageal disorder and is also the major indication 
for surgical therapy in benign oesophageal dysfunction. 
Fundoplication is the most widely used antireflux procedure. 
It.has been shown to be a safe operation that provides good 
control of reflux at short-term follow-up!. In the present study 
the long-term effect of a 360° floppy fundoplication was 
determined. Results at 5 years were compared with those 
obtained before operation and 6 months afterwards, and with 
those found in healthy controls. 


Patients and methods 


The study group comprised 40 patients, ten women and 30 men, with 
a mean age of 45 (range 22-65) years at the time of operation. They 
were operated on for documented GORD resistant to medical treatment 
between 1982 and 1985. Early postoperative findings have already been 
reported'. The operations were performed by three senior surgeons. 


Table 1 Grading of symptoms 





results of pH recording in such patients are unreliable. An additional 
five patients were operated on during this period but were not included 
in the short-term study because they refused to undergo follow-up 
investigations. Therefore, they have not been included in the present 
study. ai 

The patients underwent symptom evaluation, upper gastrointestinal 
endoscopy, oesophageal manometry and 24-h oesophageal pH 
recording before operation, and 6 months and 5 years afterwards. At 
the 6-month follow-up three patients did not accept endoscopy. At the 
5-year follow-up one patient did not agree to participate, one had died 
from a cause unrelated to the operation for reflux disease, and a total 
of five patients refused to undergo some of the examinations. For 
comparison, 50 volunteers were studied: these comprised 32 women 
and 18 men with a mean age of 39 (range 30-76) years with no previous 
symptoms of gastrointestinal disease and normal findings on 
endoscopy. They were recruited mainly from the hospital staff and their 
relatives, and were paid a minor sum for participation. They underwent 
oesophageal manometry and ambulatory 24-h oesophageal pH 
recording. 




















Grade 
Symptom 1 2 3 
Heartburn Occasional episodes Main reason for medical visit Continuous, interferes with daily activities 
Acid regurgitation Occasional, after large meals Predictable on position and straining Episodes of pulmonary aspiration 
Dysphagia Occasional, short duration Requires liquids to clear Episodes of oesophageal obstruction requiring 
medical attention 
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tee 


Symptom evaluation 
Before the oesophageal tests, symptoms were assessed. A scoring system 


_ modified from that of DeMeester et al? was used (Table 1). After 


operation an interview was conducted by a gastroenterologist unaware 
of the results of the investigations. The patients were asked specifically 
about reflux symptoms as well as the ability to vomit and belch and 
whether they had experienced increased flatus; they were also asked 
about any adverse effects experienced after the operation. The results 
of the operations were classified as excellent (complete recovery), good 
(major improvement with minor problems), fair (major improvement 
but still some significant symptoms or adverse effects) or poor (minor 
or no improvement or a deterioration). 


Upper gastrointestinal endoscopy 

Endoscopy was performed with flexible endoscopes after topical 
anaesthesia of the pharynx. Erythema, erosions or ulceration in the 
distal cesophagus were noted. Barrett’s oesophagus was defined as 
circumferential gastric epithelium extending >3cm up the tubular 
oesophagus. A hiatus hernia was diagnosed when the distance between 
the impressions of the diaphragmatic crura and the distal end of the 
tubular oesophagus exceeded 2 cm with the patient breathing quietly 
with a non-inflated stomach. 


Oesophageal studies 

Oesophageal manometry and ambulatory 24-h pH recording were 
performed as at the short-term follow-up’, using the stationary 
pull-through technique with a three-lumen water-perfused catheter and 
ambulatory pH monitoring equipment (Synectics Medical, Stockholm, 
Sweden). Reflux was expressed as the percentage of total time that 
oesophageal pH was <4. 


Table 2 Symptoms reported before and after fundoplication 





After operation 





Before 
Symptom Grade* operation 6 months 5 years 
Heartburnt 0 4 37 31 
1 7 3 7 
2 13 0 0 
3 16 0 0 
Acid regurgitationt 0 5 39 34 
1 17 1 3 
2 il 0 1 
3 7 0 0 
Dysphagia 0 26 29 30 
l 12 7 7 
2 2 4 1 
3 0 0 0 





*Grade 0 refers to patients without symptoms. tP < 0-001 (before 
versus 6 months and 5 years after operation); for all other comparisons, 
P not significant (x° test, 3 df.) 


Gastro-oesophageal reflux disease: J. Johansson et al. 


Surgical procedure 

The operation was performed abdominally through a left transverse 
or midline incision. The distal 5 cm of oesophagus was mobilized and 
the hiatus hernia, if present, reduced into the abdomen. The structures 
on the gastric lesser curve and fundus and the short gastric vessels were 
not divided. If the hiatus of the diaphragm was widened, it was narrowed 
by stitches in the crura dorsal to the oesophagus. A 36-Fr gastric tube 
was passed through the oesophagus into the fundus and the front wall 
of the latter passed dorsally to the right side of the oesophagus. Three 
non-absorbable sutures were placed from the greater curvature to the 
front wall of the oesophagus and to the gastric wall on the right side 
of the oesophagus. A 360° fundoplication 3 cm long was thus created, 
so that at least one finger could easily be passed through the 
fundoplication, which was not fixed to the diaphragm. 


Statistical methods 

Friedman’s test, y? analysis and the Mann-Whitney U test were used. 
P < 0-05 was considered significant. The investigation of the 50 normal 
subjects was approved by the university’s ethical research committee. 


Results 

Symptoms 

The effect of the operation on heartburn, acid regurgitation 
and dysphagia is shown in Table 2. The good control of 
heartburn and regurgitation seen at 6 months was also present 
5 years after operation, but there were still patients with 
dysphagia at 5 years. The incidence of adverse effects such as 
an inability to belch (ten of 40 patients at 6 months, 16 of 38 
at 5 years) and increased flatulence (16 of 40 at 6 months, 18 
of 38 at 5 years) was not significantly changed after operation. 
The ability to vomit was increased at the 5-year follow-up (eight 
of 38 patients), but because no patient had tried to vomit 6 
months after operation, and a number of patients had still not 
tried to do so at 5 years, the true ability to vomit is not known. 

At the 5-year follow-up the outcome of the operation was 
classified as excellent in 16 patients, good in 16, fair in four 
and poor in two. Fifteen patients had the same overall result 
at the 6-month follow-up. The only patient with a poor result 
at the short-term follow-up had the same finding 5 years after 
operation, while the other patient with a poor result at the 
5-year assessment had previously had a good overall result. 
The two patients with a fair outcome at 6 months were both 
improved and results in the four patients classified as fair at 5 
years had been considered good or excellent at the 6-month 
follow-up. 

Table 3 shows the results in patients with a fair or poor 
outcome. One of the patients with a. fair overall result was 
found to have a paraoesophageal hernia, recurrent reflux on 
pH recording, and symptoms of heartburn and regurgitation. 
None of the other patients was classified as poor or fair due 
to recurrent reflux. 


Table 3 Patients with poor or fair overall results correlated with other findings 5 years after operation 


Patient 1 

(poor) 
Paracesophageal or sliding hernia No 
Oesophagitis or Barrett’s oesophagus Yes 
Lower oesophageal sphincter pressure (mmHg) 36 
Intra-abdominal length of high-pressure zone (cm) 1-3 
Reflux (percentage of time at pH < 4) OL 
Heartburn grade* 1 
Regurgitation grade* 0 
Dysphagia grade* 0 
Ability to belch Yes 
Ability to vomit Yes 
Increased flatulence Yes 


*For grading of symptoms see Table 1 
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Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 
(poor) (fair) (fair) (fair) (fair) 
No Yes No No No 
No No No No No 
22 — 17 31 4 

17 — 13, 1-7 3 

0 5:3 0 0 0 

1 1 0 0 L 

0 1 0 0 1 

1 0 0 0 0 
Yes Yes No No No 
No Yes No No No 
Yes No No Yes No 
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Endoscopic findings (Table 4) 


Three patients had grade 1 oesophagitis, none had grade 2 and 
three had Barrett’s oesophagus at the 5-year examination. Two 
of the patients with Barrett's oesophagus had had the same 
findings before and 6 months after operation. The third patient 
was assessed at the 6-month examination as having grade 2 
oesophagitis. All patients but one had a hiatus hernia before 
operation; all hernias had reduced at 6 months. At 5 years one 
recurrent hernia was found (paraoesophageal; Table 3). No 
patient had signs of wrap disruption at follow-up. 


Table 4 Results of endoscopy 








After operation 
Before 
operation 6 months 5 years 
Endoscopic findings (n = 39) (n = 37) (n = 33) 
No oesophagitis*t 5 32 27 
Oesophagitis*t 
Erythema 5 0 3 
Erosions or ulceration 25 3 0 
Barrett’s oesophagus*t 4 2 3 


*P < 0001 (before versus 6. months and 5 years after operation); 
tP not significant (6 months versus 5 years after operation); x? test, 
3 d.f, 


Pressure (mmHg) 


Controls 


Before operation 6 months 5 years 


After operation 


Figure 1 Pressure in the lower oesophageal high-pressure zone. Values 
are median (range, bars; interquartile range, box). *P < 0-001; tP not 
significant (Mann-Whitney U test) 
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Before operation 6 months 5 years Controls 


After operation 
Figure 2} Intra-abdominal length of the lower oesophageal high-pressure 


zone. Values are median (range, bars; interquartile range, box). 
*P < 0-001; tP = 0-03; {P not significant (Mann-Whitney U test) 





Percentage of time at pH<4 





Controls 


Before operation 6 months 5 years 


After operation 
Figure 3 Gastro-oesophageal reflux assessed by 24-h pH recording. 


Values are median (range, bars; interquartile range, box). *P < 0-001; 
TP < 0-01; P not significant (Mann-Whitney U test) 


Manometry 


Before operation the median pressure of the lower oesophageal 
high-pressure zone (HPZ) in patients was significantly lower 
than in normal subjects. After operation, both at 6 months and 
5 years, there was a significant increase in pressure to normal 
levels (Figure 1). 

The median intra-abdominal length of the HPZ was 
significantly lower in patients before surgery than in normal 
subjects (Figure 2). At 6 months after operation it had increased 
significantly and was greater than in normal subjects. However, 
after 5 years the intra-abdominal part of the HPZ had decreased 
to a length significantly shorter than at 6 months, although 
equal to normal (Figure 2). 


pH recording 

Ambulatory 24-h pH recording revealed a significant reduction 
in acid exposure of the lower oesophagus after fundoplication 
compared with results obtained before operation and in normal 
subjects (Figure 3). There was no significant difference in acid 
exposure between the two postoperative measurements. Three 
of the 36 patients who underwent pH testing 5 years after 
operation had acid reflux above the reference limit of this 
laboratory (pH < 4 for >3-4 per cent of the total monitoring 
time). One of these was the patient with the paraoesophageal 
hernia, but the other two had no oesophagitis and had been 
assessed by the gastroenterologist as having a good operative 
outcome. 


Discussion 

In this study the long-term results of a short.floppy 360° 
fundoplication were evaluated. The good overall results seen 
at short-term follow-up’ were still present after 5 years. 

Ambulatory 24-h pH recording is known to be the most 
sensitive method for revealing GORD?. The amount of acid 
reflux measured by ambulatory pH recording 5 years after 
operation was at the same low level as at 6 months. There was 
also a significant difference between the results obtained at 5 
years and in normal subjects. This indicates that the antireflux 
control of the operation was still excellent after 5 years, with 
no tendency to an increase in reflux in these patients. 

The resting pressure and intra-abdominal length of the lower 
oesophageal HPZ are known to be important components of 
the antireflux mechanism*>. The present study has shown that 
the pressure in the HPZ at both 6 months and 5 years after 
operation was significantly increased compared with pre- 
operative values. However, results also showed a significant 
decrease in the intra-abdominal length of the lower oesophageal 
HPZ at 5 years compared with 6 months after operation. The 
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significance of this reduced intra-abdominal length is not fully 
clear, but the amount of acid reflux to the distal oesophagus 
was not affected. 

Although no patient in this series had the gas-bloat 
syndrome, it has previously been reported’ that the 
fundoplication is supercompetent: there is less reflux than in 
the control group and adverse effects occur such as an inability 
to belch and vomit, and increased flatus. We have suggested 
previously that these adverse effects may be due to some extent 
to the increased length of the intra-abdominal portion of the 
HPZ compared with that in normal subjects. The decrease in 
this length 5 years after operation to values not significantly 
different from those of normal subjects does not confirm this 
theory since there is no tendency for these adverse effects to 
diminish with time. 

Despite the good control of gastro-oesophageal reflux 
obtained in this study, some patients have a less than perfect 
outcome, as judged by the gastroenterologist. Table 3 shows 
the outcome in these patients, revealing signs of reflux in only 
one. It is unclear why the other five patients were not perfectly 
happy with the outcome of the operation; some reported slight 
symptoms or adverse effects, but these also occurred in patients 
who had a good or excellent result. 

Endoscopy with mucosal biopsies has 100 per cent sensitivity 
and specificity for the identification of oesophagitis, but only 
50-70 per cent sensitivity for the presence of GORD®. 
Furthermore, it has been proposed that patients with erythema 
in the distal oesophagus do not suffer reflux more than those 
with normal endoscopic findings, suggesting that erythema of 
the distal oesophagus should not be classified as oesophagitis’~°. 
Apart from the cases of Barrett’s oesophagus, endoscopy 
_ showed only normal findings or grade Í oesophagitis 
(erythema) 5 years after operation, confirming the good control 
of reflux provided by the fundoplication. The present results 
also confirm that Barrett’s oesophagus seems to persist after 
antireflux surgery’°-!?, No endoscopic or histological signs of 
malignant transformation were noted. 

Others!?1* have reported a higher incidence of wrap 
disruption than in the present study. Even if the differences 
result from variation in operative technique, it is difficult to 
determine the exact mechanism. 

This study has shown that it is possible to control reflux 
efficiently and safely with antireflux surgery and thus provide 
good long-term clinical results in patients with GORD. 
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Cholecystectomy and oesophageal 
reflux: a prospective evaluation 


The effect of cholecystectomy on oesophageal function was examined 
prospectively. Of 37 patients studied, 17 (46 per cent) were still 
symptomatic 3—4 months after surgery. Thirteen patients (35 per cent) 
had abnormal oesophageal pH profiles before cholecystectomy, 
increasing to 27 (73 per cent) afterwards (P < 0-002). The mean(s.e.m.) 
DeMeester acid reflux score increased from 15:2(2:1) to 34-2(5-2) 
(P < 0-001) after operation. Lower oesophageal sphincter function, as ` 
measured by the sphincter function index, was significantly reduced in 
the patients with abnormal pH profiles after operation (P < 0-01). 
Mean(s.e.m.) supine gastric alkaline shift (proportion of time at 
pH > 4) increased from 9-2(2:0) to 17-7(3-7) per cent (P < 0-02) and 
the incidence of gastritis from eight patients (22 per cent) to 23 
(62 per cent) (P < 0-001). These data suggest that cholecystectomy 
results in gastro-oesophageal reflux that appears to be related to 
compromised sphincter competence. 


The majority of patients who undergo cholecystectomy are 
satisfied with the operation and have no further symptoms, but 
a significant minority, between 20 and 50 per cent depending 
on the thoroughness of questioning and criteria for inclusion, 
have persistent or new symptoms!~*. Although such symptoms 
are usually ascribed to persistent biliary pathology, or to 
coexistent gastrointestinal pathology that was mistakenly 
attributed before operation to asymptomatic gallstones, 
evidence is now accumulating that gallbladder removal may 
itself have a direct role in symptom aetiology. 
“Cholecystectomy is associated with alterations in the 
composition** and dynamics” of bile secretion, predisposing 
to increased duodenogastric reflux of potentially more injurious 
bile. There is an increased incidence of duodenogastric reflux 
in patients with oesophageal symptoms®, and patients who have 
undergone cholecystectomy have an increased incidence of 
oesophageal reflux and oesophagitis, although there are no 
prospective studies that have examined the effect of 
cholecystectomy on oesophageal function. 

The aims of this study were to examine the effect of 
cholecystectomy on gastro-oesophageal reflux markers and to 
evaluate the link between oesophageal pathology and 
symptoms after cholecystectomy. 


Patients and methods 


All patients undergoing elective cholecystectomy in one unit between 
September 1990 and September 1991 were included. Only patients who 
had presented with clinical features of acute cholecystitis or biliary colic 
and had a diagnosis of symptomatic cholelithiasis supported by 
abdominal ultrasonography, oral cholecystography or both investi- 
gations were studied. Patients undergoing exploratory laparotomy, 
patients with acalculous cholecystitis and those requiring emergency 
surgery were excluded from the trial. 

The aims and methods of the study were explained to the patients 
and informed consent obtained. The study was approved by the 
hospital’s ethics committee. 

Patients were studied before operation and again 3-4 months 
afterwards. A detailed questionnaire was completed on each patient by 
one of the authors (S.J.). All symptoms were documented regardless 
of severity. The questionnaire focused on the presence and type of 
symptoms experienced, and in particular on the presence of reflux 
symptoms. 

Oesophageal function was evaluated by oesophageal manometry 
and 24-h oesophageal pH recording with simultaneous gastric pH 





Presented to the Surgical Research Society in London, UK, January 
1992 and published in abstract form as Br J Surg 1992; 79: 456A 


50 


monitoring. Upper gastrointestinal endoscopy was performed and 
biopsies were taken from the lower oesophagus and gastric antrum. 
Body-weight was recorded on admission and at each outpatient visit. 


Oesophageal manometry 


Stationary oesophageal manometry was performed using a four-lumen 
single-catheter assembly, with radially arranged side holes at 5-cm 
intervals. Each channel was perfused with distilled water at a rate of 
0-6 ml/min using a low-compliance pneumohydraulic infusion system 
(Arndorfer, Greendale, Wisconsin, USA). The lower oesophageal 
sphincter (LOS) was identified using a station pull-through technique. 
Three manometric determinants of the LOS were measured: LOS 
pressure, and intra-abdominal and overall sphincter length. The 
sphincter function index was calculated as the product of the percentage 
of LOS exposed to abdominal pressure and LOS pressure’®. 

Oesophageal body function was assessed as the mean amplitude 
and propagation of the pressure wave in response to ten wet swallows, 
each of a 5-ml bolus of water. 


Oesophageal and gastric pH monitoring 


Simultaneous gastric and oesophageal pH monitoring was carried out 
with a two-sensor antimony electrode catheter with sensors mounted 
15cm apart (Synectics Medical, Stockholm, Sweden). With this 
technique, the proximal sensor was placed 5cm above and the distal 
sensor approximately 5cm below the LOS. A silver—silver chloride 
external reference electrode was applied to the right upper anterior 
chest wall. The electrodes were connected to a dual-channel portable 
solid-state Digitrapper (Synectics ) and the patients allowed home. They 
were required to keep a record of meals, symptoms and time spent 
supine and upright, but they continued normal activity. Data were 
analysed on a microcomputer using Gastrosoft software (Esophogram; 
Syuectics ). 

Pathological acid reflux was defined with reference to the DeMeester 
acid score!!. It was expressed as a composite score as described and 
was calculated automatically by the software. A threshold score of 15-0 
was taken as the upper limit ofnormal. 

Gastric pH was analysed for the percentage of time at pH > 4 for - 
the total period and when in the upright and supine positions. 


Upper gastrointestinal endoscopy 


Upper gastrointestinal endoscopy was performed using a flexible 
endoscope in the sedated patient, given 5~10mg intravenous 
midazolam after an overnight fast. The oesophagus, stomach and 
duodenum were examined and the presence of gross changes of gastritis 
or oesophagitis noted. Oesophagitis was graded using the Savary— 
Miller criteria'?. Gastritis was recorded at endoscopy on the evidence 
of erosions, redness or friability of the mucosa. Bile in the oesophagus 
and stomach was also noted. 

Biopsies were taken from the gastric antrum, 5 cm from the pylorus, 
and from the lower oesophagus, 5 cm from the cardia. Biopsies were 
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considered supportive of gastritis if the mucosa was heavily infiltrated 
with acute or chronic inflammatory cells. 


Statistical analysis 

Results are expressed as mean(s.e.m.). Data were analysed using the 
Wilcoxon signed rank test for paired measurements. Attribute data 
were analysed by y? or Fisher’s exact test where appropriate. 


Results 


Patient details 

Forty-five patients were recruited to the study, of whom eight 
refused postoperative investigations, leaving 37 for analysis. 
There were five men with a mean age of 43 (range 36—67) years 
and 32 women of mean age 45 (range 22—86) years. 

Seventeen patients (46 per cent) were still symptomatic 3—4 
months after cholecystectomy. For the purpose of this study 
they are described throughout as the ‘symptomatic group’. The 
chief symptoms were heartburn and epigastric pain. 

Fifteen patients complained of reflux symptoms after 
operation; symptoms were severe in seven. Only 11 of these 
patients had had reflux symptoms before operation. Of these 11 
patients, three described their symptoms as severe before 
operation. After operation two continued to have severe 
symptoms and the third noted that symptoms had become 
milder. Eight patients had described mild reflux symptoms 
before operation and in this group symptoms became more 
severe in four, continued mild in three and disappeared in one 
patient. Of the six patients without reflux symptoms before 
operation, one developed severe reflux symptoms, four 
developed mild symptoms and one remained free of reflux 
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symptoms after operation. This patient suffered postoperative 
epigastric pain. 

Eleven patients complained of epigastric pain, which was 
mild in eight and moderately severe in three. Other symptoms 
were nausea in four patients, fatty food intolerance in four, 
indigestion in three, flatulence in three and right upper quadrant 
pain in two. 

Two patients (5 per cent) had retained bile duct stones. 
Symptoms were right upper quadrant pain and indigestion in 
one, and epigastric pain, fatty food intolerance and heartburn 
in the other. Both had raised alkaline phosphatase levels and 
endoscopic retrograde cholangiography identified stones in the 
bile duct which were removed after sphincterotomy. 


Oesophageal function 

Thirteen (35 per cent) of the 37 patients undergoing 
cholecystectomy had gastro-oesophageal reflux before oper- 
ation, increasing to 27 (73 per cent) after operation (x? = 9-20, 
1 d.f., P < 0-002), as identified by a DeMeester acid reflux score 
> 15. When the data were analysed as if the eight patients lost 
to follow-up were in the asymptomatic group, the increase in 
the incidence of reflux was still significant (x? = 5:29, 1 d.f., 
P = 0-02). 

The mean(s.e.m.) DeMeester acid reflux score for the whole 
group increased from 15-2(2-1) to 34-2(5-2) (P < 0-001) after 
operation (Table 1). Fifteen of the 17 symptomatic patients 
(88 per cent) had reflux after operation compared with 12 of 
the 20 asymptomatic patients (60 per cent). When asymptom- 
atic and symptomatic patients were compared after operation, 
there was a significant increase in the mean reflux score of the 
symptomatic group only (Table 2). 


Table i Changes in duodenogastric and gastro-oesophageal reflux markers following cholecystectomy 








Before operation After operation ¢ s.n.d. P 
Reflux* 13 (35) 27 (73) 9-20 — <0002} 
Mean(s.e.m.) acid reflux score 15-2(2-1) 34-2(5-2) — 3-63 <0-001f 
Mean(s.e.m.) lower oesophageal sphincter 15-4(0-7) 14-3(0-9) — 0-88 O19 
pressure (mmHg) 
Mean(s.e.m.) percentage of supine time 9-2(2:0} 17-7(3-7) — 2:27 0-017} 
at gastric pH > 4 i 
Oesophagitis* 8 (22) 19 (51) 5-83 — 0016ł 
Gastritis* 8 (22) 23 (62) 10-88 — <0001t 
Antral Helicobacter pylori* 8 (22) 19 (51) 5-83 — 0-016t 








*Values in parentheses are percentages. s.n.d., Standardized normal deviate with continuity correction; t1 d.f.; | Wilcoxon’s signed rank test 


Table 2 Changes in duodenogastric and gastro-oesophageal reflux markers following cholecystectomy in symptomatic and asymptomatic patients 








n Before operation. After operation as s.n.d. P 

Reflux*t 

Asymptomatic 20 9 (45) 12 (60) 0-40 — 0-53t 

Symptomatic 17 4 (24) 15 (88) 11:93 — 0-0006t 
Mean(s.e.m.) acid reflux score 

Asymptomatic 20 19-1(3-4) 23-5(4-0) — 1-06 0-14§ 

Symptomatic 17 10-5(1-5) 46-7(9-5) — 3-60 0-001§ 
Mean(s.e.m.) percentage of 
supine time at gastric pH > 4 

Asymptomatic 19 8-4(2-4) 10-1(29) = 0-65 0-268 

Symptomatic 12 10-6(3-8) 29-6(7:3) — 2:24 0-012§ 
Ocsophagitis* 

Asymptomatic 20 5 (25) 6 (30) 0-00 — 1-00¢ 

Symptomatic 17 3 (18) 13 (76) 9-56 — 0-002} 
Gastritis* 

Asymptomatic 20 5 (25) 9 (45) 0-98 — 0-32t 

Symptomatic 17 - 3 (18) 14 (82) 11-77 — 000064 


* Values in parentheses are percentages. s.n.d., Standardized normal deviate with continuity correction. t Patients with proven reflux on 24-h pH 


study. ł1 d.f.; §Wilcoxon’s signed rank test 
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Table3 | Manometric measurements in patients with abnormal pH profile 
after operation 








Before After 
operation operation P* 
Lower oesophageal sphincter 11(1) 10(2) 0-06 
pressure (mmHg) 
Intra-abdominal sphincter length 24(3) 23(2) 0-48 
(mm) 
Overall sphincter length (mm) 44(2) 45(2) 0-49 


Sphincter function index 718(98) 507(115) 0-01 





Values are mean(s.e.m.). * Wilcoxon’s signed rank test 


LOS pressure fell in 18 patients, remained unchanged in five 
and rose in 14. The.mean(s.e.m.) pressure for the entire group 
decreased from 15-4(0-7) to 14-3(09)mmHg (P =0-19) 
(Table 1). No significant difference emerged between asympto- 
matic and symptomatic patients after operation. 

When preoperative and postoperative values were compared 
in patients with an abnormal pH profile after operation, the 
fall in LOS pressure was not significant. The sphincter function 
index, however, did show a significant reduction (P < 0-01). 
The results for all the parameters used to assess sphincter 
competence are given in Table 3. 

The mean(s.e.m.) wave amplitude in the distal oesophagus 
was unchanged, at 51(4) before and 55(4) mmHg after surgery 
(P =0-17). No patient had an abnormally raised wave 
amplitude in the body of the oesophagus before operation, but 
four had abnormal pressures (mean >150 mmHg) after 
cholecystectomy. 


Gastric pH monitoring 
Gastric pH data were available for 31 patients both before and 
after operation, for the total period and for the duration of 
time in the upright and supine positions. The median 
postoperative gastric pH for the 24-h period was 2-6. Gastric 
alkaline shift (proportion of time at gastric pH > 4) increased 
significantly in the supine position, from a mean(s.e.m.) of 
9-2(2-0) to 17-7(3-7) per cent (P <0-02) after surgery, but 
the change in the upright position, from 13-2(1-4) to 
17-3(2:2) per cent (P = 0-067), and for the total period, from 
12:9(1-4) to 16-7(2:3) per cent (P = 0-07), was not significant. 
There was a greater postoperative rise in the symptomatic 
group, from a mean(s.e.m.) of 10-6(3-8) to 29-6(7-3) per cent 
(P < 0-01), than in the asymptomatic group, from 8-4(2°4) to 
10-1(2:9) per cent (P = 0:26) (Table 2). 


Endoscopic findings 

Before operation, mild oesophagitis was present in four patients 
while one had free bile. After operation, superficial oesophagitis 
with minor erosions was present in seven patients. 

Mild gastritis was recorded before operation in two patients 
and five had bile documented in the stomach. After operation, 
ten patients had bile lakes in the stomach, one had a lesser 
curve gastric ulcer, one had erosions and one had prepyloric 
and pyloric inflammation; four patients had gastritis alone. 


Histology 

In the oesophagus, eight (22 per cent) preoperative biopsy 
reports were consistent with reflux oesophagitis, increasing to 
19 (51 per cent) after operation (y? = 5:83, 1 d.f., P = 0-016) 
(Table 1); 15 patients had grade 1 oesophagitis and four 
grade 2. 

In the gastric antrum, preoperative biopsy identified acute 
or chronic inflammatory infiltrates in eight cases (22 per cent), 
increasing to 23 (62 per cent) after operation (x? = 10°88, 1 d.f., 
P = 0-001). Helicobacter pylori was identified on histological 
analysis in eight patients before operation, increasing to 19 after 
surgery (x? = 5:83, 1 d.f., P = 0-016). However, only three of 
these eight patients had gastritis before operation while 16 of 
the 19 with H. pylori after operation had gastritis. 


52 


Body-weight 

Body-weight was recorded before and after operation in 29 of 
the patients. In 14 weight loss =1kg occurred, in 12 weight 
gain >1kg was recorded, while in three no change in weight 
was documented. Change in weight did not appear to correlate 
with either an increase in reflux or inflammatory change. 


Discussion 


This study has identified a significant increase in the incidence 
of gastro-oesophageal reflux and oesophagitis within 3 months 
of cholecystectomy. This confirms. the findings of a previous 
retrospective study? of a significant increase in the incidence of 
oesophageal pathology in patients after cholecystectomy. 
Although a link between biliary and oesophageal pathology 
has long been recognized, this is the first prospective study to 
demonstrate objective reflux changes as a direct consequence 
of gallbladder removal. 

The reason for these changes is unclear, although they may 
be attributed to the alterations in the dynamics and composition 
of bile release that follow cholecystectomy*~’. A significant 
increase in gastric alkaline shift was observed in the supine 
position after operation. A similar increase in duodenogastric 
reflux has been identified by others**. Duodenogastric reflux 
is a normal physiological event but it may assume greater 
significance after cholecystectomy when pyloric sphincter 
function is impaired'*-1*. Sandler et al.! have shown that 
tachykinins, which are in high concentration at the cardia, have 
a powerful effect on sphincter mechanisms and may have a role 
in this context. Others have shown that duodenogastric reflux 
is increased in patients with gallstones, regardless of the 
functional status of the gallbladder’®1®, and that. this is 
increased further following cholecystectomy®*1%-?°, 

Basal oesophageal sphincter pressure alone did not show 
a significant reduction following cholecystectomy. Other 
mechanical factors that contribute to sphincter competence are 
overall and intra-abdominal sphincter length?'. The sphincter 
function index showed a significant reduction in patients who 
had an abnormal pH profile after operation, suggesting that 
there is reduced sphincter competence after surgery. LOS 
incompetence, however, did not account for all of the reflux 
demonstrated. Patients with normal sphincter function and an 
abnormal pH profile may have reflux in the presence of 
progressive gastric dilatation??, increased gastric pressure**, 
persistent gastric reservoir? or gastric hypersecretion of acid?*. 

While it may appear paradoxical that there was both an 
increase in gastric alkaline shift and in oesophageal acid reflux, 
the former was significant only in the supine position. The 
median pH in the stomach after operation for the 24-h period 
was 2:6, and such refluxate in the oesophagus would be 
interpreted as an acid rather than alkaline event. Consequently, 
the composition of the refluxate in this study may well be acid 
combined with alkaline duodenal refluxate. Dual-channel 
gastric and oesophageal pH monitoring is helpful in 
documenting the presence of duodenogastric reflux, which 
would otherwise be undetected in a single-channel oesophageal 
investigation. 

Some 46 per cent of patients reviewed were still symptomatic 
at 3 months, an incidence similar to that found where patients 
have been studied prospectively and a thorough questionnaire 
completed?, although in the majority of instances symptoms 
were mild. The cause of these symptoms cannot be ascertained 
in every case. In only two patients were the symptoms explained 
by retained stones in the bile duct. Of 15 patients with 
postoperative reflux symptoms, 14 had reflux confirmed on pH 
monitoring. The one patient who did not have acid reflux had ° 
a high alkaline reflux score and histological gastritis. Of the 14 
patients with reflux on pH monitoring, 11 had oesophagitis on 
histological analysis, but 12 also had gastritis, three had 
nutcracker oesophagus and two had retained common bile duct 
stones. It is hard to escape the conclusion that most of these 
problems were due to the cholecystectomy. 
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In conclusion, many of the symptoms that persist following 
cholecystectomy appear to have an oesophageal origin. It is 
suggested that all patients presenting with biliary symptoms 
but without documented acute cholecystitis should undergo full 
upper gastrointestinal investigations with oesophagogastro- 
duodenoscopy, biopsy and pH monitoring to exclude 
oesophageal pathology. Discovery of reflux before operation 
should prompt consideration of antireflux surgery in addition 
to cholecystectomy. 

It is clear that cholecystectomy is not innocuous. It results 
in physiological disturbance of the upper gastrointestinal tract 
that may in the long term have undesirable sequelae in the 
oesophagus and stomach. Retention of the functioning 
gallbladder or simultaneous antireflux surgery may be desirable 
in selected patients to avoid these sequelae. 
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Gastric remnant cancer as a 
metachronous multiple lesion 


` The pathological characteristics and natural history of 35 gastric 


remnant cancers after partial gastrectomy for a malignant condition 
and 16 gastric cancers after gastrectomy for benign conditions were 
compared. Gastric remnant cancer following malignant disease was 
characterized by a well defined rather than diffuse appearance (in 43 
versus 12 per cent of gastric remnant cancers after benign conditions, 
P < 0-05), location away from the anastomosis (83 versus 25 per cent, 
P < 0:05) and a shorter interval after the first operation (5—14 versus 
> 20 years, P < 0-01). The 15- and 16-year survival rates appeared to 
be worse for gastric remnant cancer after malignant than after benign 
disease, but there was no statistically significant difference between the 
two groups in a generalized Wilcoxon test. In the former, direct invasion 
to adjacent organs was frequently observed. These findings suggest that 
gastric remnant cancer after gastrectomy for malignancy may be a 
metachronous multiple lesion, while that following benign disease may 
occur as a new cancer caused by the partial gastrectomy. To improve 
the survival of patients with cancer after gastrectomy for malignancy, 
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There have been many reports of cancer developing in the 
stomach remnant after partial gastrectomy and patients who 
have undergone this operation are considered to be a high-risk 
group for gastric carcinoma. These cancers often develop at 
the site of anastomosis >20 years after operation for benign 
disease}. In this hospital there has been an increase in the 
number of patients whose cancers were found in the stomach 
remnant after partial gastrectomy for malignant disease (ten 
cases during 1961-1974 versus 25 for 1975-1986). In contrast, 
in this time only 16 cases? have been seen after partial 
gastrectomy for benign disease. Such cancers in the gastric 
remnant seem likely to increase due to the rise in cases of early 
gastric cancer (the proportion of early gastric cancer was > 50 
per cent in 1988 in this hospital?). 


Patients and methods 


-~ A total of 2414 patients underwent partial gastrectomy for gastric cancer 
from 1961 to 1986. Follow-up was at least 5 years (maximum 30 years). 
Cancer in the gastric remnant after partial gastrectomy for a malignant 
condition was found 5 or more years after operation in 35 patients (29 
men, six women; sex ratio 48:1). The mean age at which cancer was 
found in the stomach remnant was 62 (range 35-86) years. The interval 
from first operation to second was 5-9 years in 19 patients, 10-14 
years in 12, 15-19 years in three and >20 years in one. 

In contrast, 16 patients developed cancer in the stomach remnant 
after partial gastrectomy for benign disease. This figure includes patients 
who underwent the first operation in another hospital. These two 
groups of patients with gastric remnant cancer were compared for 
macroscopic and histological tumour type, site of development, results 
of treatment and relative risk. 

The relative risk of developing cancer in the gastric remnant after 
malignancy was calculated using a program derived from that of 
Monson‘ to suit the cancer registry in Osaka. The period of observation 
began at the first operation for stomach cancer and ended at either 
operation for gastric remnant cancer following malignancy, diagnosis 
of this disease, or on 31 December 1989. The sex, age and 5-year 
incidences for cancer among Osaka residents were applied to the 
appropriate person-years to obtain the expected numbers of cases of 
gastric remnant cancer after malignancy. These were compared with 
the relative risk of cancer in the stomach remnant after gastrectomy 
for benign disease calculated in Kyushu, Japan’. 


a rational extended operation may be useful. 


Statistical analysis 

x? analysis and Fisher’s exact test were used to compare frequencies. 
Means were compared by Student’s t test. The Kaplan-Meier method 
was used to prepare survival curves and the log rank test, Z test and 
generalized Wilcoxon test employed for statistical analysis. 


Results 


There were 51 cases of gastric remnant cancer: 31 were 
diagnosed radiologically and 20 by endoscopy. In nine cases 
the cancer could not be detected radiologically but was detected 
by endoscopy. Two-thirds of cases of cancer after gastrectomy 
for malignancy were already advanced despite careful follow-up. 

Table 1 shows the interval between partial gastrectomy and 
development of gastric remnant cancer. The interval for 
originally benign conditions was significantly longer than that 
for originally malignant disease (P < 0-01). 

Tumours were resected in 29 of 35 cases (83 per cent) of 
remnant cancer after malignancy and in 14 of 16 cases 
(88 per cent) after initially benign disease. Tumour node 
metastasis (TNM) stage for resected tumours is shown in 
Table 2. There was no statistical difference between the two 
groups in T and N. 

Histopathological classification is shown in Table 3. Gastric 


Table1 Details of patients with gastric remnant cancer developing after 
partial gastrectomy for initially benign or malignant disease 


Initial disease 


Malignant Benign P 





Sex ratio (F:M) 6:29 1:15 n.s.t 
Mean(s.d.) age (years) 62(11) 62(9) no.s.t 
Interval between operations (years )* 
5-9 ` 19 0 
10-14 12 5 
15-19 3 1 <001§ 
>20 1 10 


*Interval between partial gastrectomy and operation for gastric 
remnant cancer. n.s., Not significant. tFisher’s exact test; {Student’s 
t test; §y? = 26-9, 3 d.f., P < 001 
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Table 2 Tumour node metastasis classification determined in 
undergoing resection for gastric remnant cancer 


Taita eise 





Malignant 

Classification (n= 29) 
Ti 10 (34) 
T, 2 (7) 

T, 1 (3) 
T, 10 (34) 

w iTa 6 (21) T: 
No 11 (38) 4 (29) 
Niz 10 (34) 7 (50). 

>N, 8 (28) 3, (24) 





Values in parentheses are percentages. Differences between groups Were 


not significant (7? test) 





iaaiaee 








Table 3 Histopathological classification of gastric remnant tumouts..... 
Initial disease ~~~ 
Malignant Benign 
ka =35}) (n= 16) 
Macroscopic* 

Well defined 15 (43) 2 (12) 
Early (includes I and Ila) 10 (29) (6). 
Advanced (includes Borrmann 5 (14) 1 (6) 

types I and H) 

Diffuse ` 20 (57) 14 (88) 
Early (includes Ib, He and TL) 1 (3) 2 (12)... 
Advanced (includes Borrmann 19 (54) 12 75) 

types HI and IV} 
Microscopic* À 

Differentiated (includes papillary and 23 (66) 5 (31) 
tubular adenocarcinoma) 

Undifferentiated (includes poorly 12 (34) 11 (69) 


diflerentiated adenocarcinoma and 
signet-ring cell carcinoma) 








Values in parentheses are percentages. * P < 0-05 (7%? test) 





remnant cancer after gastrectomy for malignancy was classified. 
into four types: well defined early cancer® (I and Ia) in-ten 
patients (29 per cent ); well defined advanced cancer (Borrmann 
types I and T) in five (14 per cent); infiltrative early cancer 
(IIb, Hc and IIE) in one (3 per cent); and infiltrative advanced” 
cancer (Borrmann types HI and IV) in 19 (54 per cent }»-Fhe 
incidence of the well defined types was higher in cancer for 
initially malignant (43 per cent) than initially benign 
(12 per cent) conditions {P < 0-05). 

Gastric remnant cancer after gastrectomy for malignancy 
was classified into differentiated types® (papillary and tubular) 
in 23 cases (66 per cent) and undifferentiated types (poorly 
differentiated and signet-ring cell carcinoma ) in 12 (34 percent). 
The incidence of the differentiated types was higher in initially 
malignant than in initially benign disease (66 versus 31 per cent, 
P < 0-05). 

Remnant cancer after malignancy was located at the site-of 
anastomosis in six patients (17 per cent) and in other regions 
in 29 (83 per cent) (Figure 1). That after gastrectomy for benign 
conditions was more frequently (75 per cent) (P < 0-001) found 
at the site of anastomosis (Figure 1). 

Gastric resection was possible in 29 patients (83 per cent) 
with initial malignancy and in 14 (88 per cent) with initially 
benign disease. The remainder had peritoneal metastasis in six 
patients (initial condition malignant in five, benign in one), 
liver metastasis in one (malignant) and para-aortic lymph node 
metastases in one (benign). All resected cases underwent total 
gastrectomy and the following procedures in combination: left 
thoracotomy for oesophageal invasion (malignant, four; 
benign, two), splenectomy without distal pancreatectomy (11, 
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Wenectomy with distal pancreatectomy (15, seven), 
Olectomy (five, five) and liver resection for direct 
e, one). As a result, direct invasion to adjacent 
confirmed in six patients with gastric remnant 
malignancy ( pancreas, four; colon, three; liver, 
one; diapħragm, one) and in three after benign disease 
(pancreas, t o; liver, one). Survival rate is shown in Figure 2. 
i of the lymph nodes was performed to include the 
left cardia, lesser curvature and greater curvature 
only in nine patients (five malignant, four benign ), 
these groups and those at the left gastric artery, common 
hepatic,-cdeliac trunk, splenic hilum and splenic artery in 17 
(12, five) and a wider dissection than this in 14 (nine, five). 
The incidence of lymph node metastasis was compared in. the 
two groups (Table 4). There was no significant difference in 
the distribution of lymph node metastases. 

The'relative risk of gastric remnant cancer after malignancy 
in Osaka was:0-52 in men and 0-77 in women. This was higher 
than the-relative risk of gastric remnant cancer after benign 
disease previously reported in Kyushu? (0-30 in men and 0-63 
in women):— 

In gastrectomy for malignancy, the survival rates with gastric 
remnant-eaneer were 37 per cent (ten patients) at 5 years, 
28 per cétit (five) at 10 years and 20 per cent {two} at 15 years. 
In cancer.following gastrectomy for benign conditions, the 5-, 
10- and 15-year survival rates were constant at 50 per cent 
(eight, five-and three patients respectively). There was no 
statistically significant difference between the two groups with 
the generalized Wilcoxon test. The causes of early death (within 












Stomal Other 
oo region regions 
Initial disease 
6 {17} 29 (83) 
4 





ges. There was a iaucally signific ane diff rence he tween 
the frequency of tumours at the anastomosis in the ova groups (P < 0-002, 
z? testy” 





Survival rate (%) 





8 5 10 15 16 


Time after operation (years) 


Figure 2 Survival of patients with gastric remman cancer aoa te 
after partial» gang tomy for initially malignant (@, died; 1. lived) or 
benign (o; diéd; L, lived) conditions. Six and iwo patients respec tively 
did not undergo resection. Rates are significantly different (P < 0-05, Z 
test) at 15 and 16 years, although with a generalized Wilcoxon tesi no 
significant difference between the groups was found 
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Table4 Lymph node metastasis in patients with gastric remnant cancer 





Initial disease © 


Lymph node station 


Right cardia 





3 ( 
Left cardia 9f 
Lesser curvature 2{ 
Greater curvature 7 (24) 
Coeliac 0 (0) '2(14) 
Splenic hilum 4 (14) 2 (14) 
Splenic artery 3 (10) 3 (21) 
Jejunal 2 (7) 1 (7) 


Values in parentheses are percentages. Differences in distribution of 
metastases between the two groups were not significant (7? test) 


l year) in initially malignant cases after curative surgery were 
myocardial infarction in two patients, anastomotic leakage in 
one, pneumonia in one and cerebral haemorrhage in one; there 
were no signs of recurrence. The 5-, 10- and 15-year 
cancer-specific survival rates were all 58 per cent after 
gastrectomy for benign disease and 42, 40 and 40 per cent 
respectively after initial malignancy. The cancer-specific 
survival rates in the.two groups were also not significantly 
different. 


Discussion 


There have been many reports of cancer of the gastric remnant 
developing after partial gastrectomy for benign disease'-’"* but 
few of cancers after partial gastrectomy for malignant tumours’. 
The reasons for this are thought to be early death from 
recurrence or an inability to perform adequate follow-up 
studies. Some authors have reported that the relative risk of 
gastric remnant cancer after benign conditions is high in 
Northern Europe ’*®, while the relative risk of this form of cancer 
in Japan is low. In this study, the relative risk of gastric 
remnant cancer after initial malignancy is higher than that after 
initial benign disease in Japan. In recent years the frequency 
of operation for early gastric cancer has increased and 
recurrence is seldom seen after operation in these cases'°. Thus, 
there appears to be a new type of gastric remnant cancer in 
patients who have survived for a long period after partial 
gastrectomy for malignant disease. 

Diagnosis of gastric remnant cancer is difficult and such 
lesions are often found at an advanced stage after the 
appearance of symptoms. Offerhaus et al.'! were able to 
diagnose early-stage cancer by biopsy of the anastomosis during 
periodic endoscopic examinations after operation. Orlando and 
Welch!? also reported the usefulness of endoscopic examination. 

The cause of gastric remnant cancer after gastrectomy for 
benign conditions may be reflux of bile or intestinal fluid’?. 
Investigations using experimental anastomosis have shown that 
reflux of such fluid is capable of inducing cancer at the 
anastomosis'*:!>. In contrast, remnant cancer after initial 
malignancy has many characteristics of multifocal cancer 
developing at different times, rather than a lesion caused by 
irritation from reflux. It develops within a short time (in this 
study, 5~14 years after the first operation compared with > 20 
years for cancer after initially benign conditions) and most 
lesions are located at sites away from the anastomosis. 

Adhesions surrounding the stomach remnant are often more 
severe after gastrectomy for malignant than benign disease 
because of the more extensive lymph node dissection. After 
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such extended lymphadenectomy, a new pathway of spread for 


. -cancer cells to surrounding organs and peritoneum may be 


available. Some cases of gastric remnant cancer following initial 
malighancy were invasive and unexpectedly widespread, and a 
left upper abdominal evisceration'® was required in these 
patients to resect the wider region including the whole stomach 
and surrounding organs (spleen, pancreatic body and tail, left 
adrenal gland, gallbladder and transverse colon). 

After partial gastrectomy for gastric cancer, we recommend 
endoscopic examination, including biopsy, at least once a year. 
The éndoscopist should carefully inspect not only the site of 
anastomosis but also other regions. 
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NORs in gastric carcinogenesis: R. Seven et al. 
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Figure 1 Normal gastric mucosa nucleolar organizing regions stained Figure 4 Dysplasia, showing one to four silver-stained nucleolar 
with silver nitrate. (Original magnification x 1250) organizing regions per nucleus. (Original magnification x 1250) 
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Figure2 Adenocarcinoma, showing most cells containing silver-stained 0 
Control Intestinal Dysplasia Carcinoma 


nucleolar organizing regions. (Original magnification x 1250) 
metaplasia 


Figure 5 Mean number of silver-stained nucleolar organizing regions 
(AgNORs) per nucleus in normal mucosa and intestinal metaplasia, 
dysplasia and carcinoma. Bars are group means 


the AgNOR count per nucleus was noted as disease progressed 
from normal mucosa through intestinal metaplasia to 
carcinoma (Figures 3 and 4) 

Analysis of AgNOR counts showed a significant difference 
between normal epithelium and adenocarcinoma, intestinal 
metaplasia and dysplasia (P < 0-001). There was, however, a 
considerable overlap among carcinoma, intestinal metaplasia 
and dysplasia (P > 0-1) (Figure 5) 


Discussion 

Experimentally induced gastric cancer after duodenogastric 
reflux has been studied by others. Morgenstern'® operated on 
rats and administered 20-methylcholanthrene after gastro- 
enterostomy; at the end of the study, tumour occurred in 
64 per cent of animals. Langhans et al.* used five techniques, 
one of which was gastroenterostomy without resection. Tumour 
—_ incidence in this study was 71 per cent. Mason’ investigated 


Figure 3 Intestinal metaplasia, showing one to three silver-stained the role of duodenogastric reflux in the pathogenesis of gastric 
nucleolar organizing regions per nucleus. ( Original magnification x 1250) cancer and showed that reflux was implicated in gastric 





58 Br. J. Surg., Vol. 80, No. 1, January 1993 


Br. J. Surg. 1993, Vol. 80, January, 


sb Nucleolar organizing regions in 
the operated rat stomach: 
relationship to metaplasia, 
dysplasia and carcinoma 


R. Seven, S. Mercan, 
S. Ozarmagan, |. Titiz*, 
N. Savcit and O. Dogan? 


Departments of Surgery and 
tPathology, Istanbul Medical 
Faculty, *Department of Surgery, 
Haydarpasa State Hospital and 
+Department of Pathology, 
Oncology Institute, Istanbul, Turkey 


Correspondence to: 

Dr R. Seven, Akatlar Maya Sitesi C 
Block D11, 80600 Levent, 
Istanbul, Turkey 


Peptic ulcer surgery may predispose to the subsequent 
development of gastric cancer'*, although this remains 
controversial’ and the aetiological mechanisms are not fully 
understood. Some possible causes are duodenogastric reflux* ` 
hypochlorhydria*” and overgrowth of  nitrate-reducing 
bacteria*. 

Atrophic gastritis, intestinal metaplasia and dysplasia are 
all associated with gastric carcinogenesis'’:'' and gastric 
epithelial proliferation accompanies these premalignant mucosal 
changes'*. Most gastric cancers appear to evolve through a 
progression of changes from chronic atrophic gastritis to 
intestinal metaplasia, dysplasia and finally carcinoma’, 
Although there is basic agreement on the lesions themselves. 
the transition periods for each stage of the premalignant process 
are largely unknown. 

The main problem in routine diagnosis is interpretation of 
a biopsy showing chronic atrophic gastritis, intestinal 
metaplasia or dysplasia. The present study attempted to define 
further the precursor lesions of gastric carcinoma by 
quantitative evaluation of nucleolar organizing regions 
(NORs). 

NORs are loops of DNA in the nuclei of cells that possess 
ribosomal RNA genes. These genes are transcribed by RNA 
polymerase. The silver technique for identifying such regions 
(AgNORs) stains NOR-associated proteins and reveals 
changes in NOR distribution. For example, an increased 
number of NORSs is associated with more active ribosomal 
RNA gene transcription. Therefore it is expected that malignant 
epithelial cells would have higher AgNOR counts per nucleus 
than their non-neoplastic counterparts. NORs are located'* on 
five acrocentric chromosomes (nos 13, 14, 15, 21, 22) and can 
be readily visualized as black dots in the nuclei by the silver 
staining method. The technique is based on argyrophilia of 
NOR-associated proteins and can be performed at room 
temperature on paraffin-embedded tissue. Although the nature 
of these NOR-associated proteins is not fully understood, it 
appears that AgNOR numbers reflect nuclear activity or 
malignant potential. 


Materials and methods 


This experimental study was performed in the Istanbul University 
Centre for Experimental Medical Research and Application. The 
animals were male Wistar rats, weighing between 220 and 280 g. The 
rats were subjected to either a sham operation (n= 12) or 
gastroenterostomy without resection to allow duodenogastric reflux 
(n = 21), (In total. 30 rats were operated on for duodenogastric reflux; 


0007-1323/93 0100S7-03 © 1993 Butterworth-Heinemann Ltd 


This study investigated the role of duodenogastric reflux in rats after 
antecolic gastrojejunostomy. At the end of the study, adenocarcinoma 
was present in 43 per cent, dysplasia in 14 per cent and intestinal 
metaplasia in 43 per cent of animals. No such changes were found in 
control rats. A technique for silver staining nucleolar organizing regions 
(AgNORs) was applied to these lesions and to the control group. The 
AgNOR count gradually increased from normal gastric mucosa to 
carcinoma. This technique demonstrated differences in AgNOR count 
between normal mucosa and other lesions (adenocarcinoma, dysplasia, 
intestinal metaplasia) (P < 0-001). There was, however, considerable 
overlap among adenocarcinoma, dysplasia and metaplasia (P > 0-1). 


nine (30 per cent) died after operation and the surviving 21 were 
included in the study.) All operations were performed under ether 
anaesthesia, Sham-operated animals underwent laparotomy with 
handling of the stomach and jejunum and acted as a control. In the 
other group, an antecolic gastroenterostomy without gastric resection 
was performed. Continuous 5/0 silk sutures were used for all 
anastomoses. Some 45 weeks after operation all rats were killed and 
submitted to autopsy. The stomach was removed, opened along the 
greater curve and pinned on card before formalin fixation. Samples of 
anterior wall including suture lines, posterior wall and lesser curve were 
processed for paraffin wax embedding and section, and were stained 
with haematoxylin and eosin. Each section was examined separately 
for the presence of adenocarcinoma, intestinal metaplasia and dysplasia. 
This histopathological examination was carried out by a pathologist 
(N.S.). 

The next serial section of each block was stained for NORs. Tissue 
sections that had previously been fixed in 10 per cent formalin and 
embedded in paraffin wax were cut into 3-um thick sections. These 
were dewaxed in xylene, then rehydrated through ethanol to deionized 
water. The AgNOR staining solution was prepared as described by 
Ploton et al.'*. This solution consisted of 2 per cent gelatin in 1 per cent 
aqueous formic acid added to 50 per cent aqueous silver nitrate in a 
1:2 mixture. The staining solution was immediately poured over the 
slides and the reaction allowed to proceed in the dark for 40 min. 
AgNOR staining was carried out by a different pathologist (O.D.), 
who examined the sample for histopathological diagnosis and 
calculated a mean AgNOR score per nucleus. This pathologist found 
the same histological diagnosis as the first one. AgNOR dots were 
counted within each nucleus. An oil immersion lens to a maximum 
magnification of x 1000 was used to count consecutive epithelial cells 
along glands. Fields were selected at random: 100 cells were examined 
in cach sample. Counts were made in the control group in the superficial 
foveolar epithelium, in the transitional zone in the metaplasia and 
dysplasia groups, and in the rats with gastric adenocarcinoma 
malignant epithelium was counted. 

The Kruskal-Wallis test with multiple comparisons was used in 
the statistical evaluation of data, 


Results 


The experimentally induced changes of gastric mucosa were 
mainly located close to the anastomosis. Histopathologically, 
in the control group no carcinoma, metaplasia or dysplasia 
was found. In the other group, carcinoma occurred in nine rats 
(43 per cent), dysplasia in three (14 per cent) and intestinal 
metaplasia in nine (43 per cent). AgNOR examination showed 
well defined strongly argyrophilic intranuclear black dots 
varying in size in all specimens. The lowest mean AgNOR count 
per nucleus was found in the normal control group, the highest 
count in carcinoma (Figures ] and 2). A gradual increase in 
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carcinogenesis in rats. In the present study the incidence of 
tumour was 43 per cent, similar to other results. 

The AgNOR technique has recently been applied to a 
number of different tissues and lesions. It has already been 
shown that the AgNOR count can help distinguish benign and 
malignant lesions'?-'®. To investigate further AgNORs in 
human malignant and benign tissue, Mamaev et al.1° used the 
technique to examine 30 patients with oesophageal and gastric 
carcinoma. The content of silver granules in the nuclei of 
tumour cells was significantly higher than in those of normal 
controls, 

In the present study the AgNOR technique in diagnostic 
gastric pathology was evaluated and applied to normal gastric 
tissue, gastric cancer, metaplasia and dysplasia. There are some 
reports on the use of the method in the study of gastric 
lesions*.?*, According to these papers it may be possible to 
differentiate carcinoma from normal tissue with this technique. 

There is strong evidence for the pathogenetic sequence of 
chronic atrophic gastritis, intestinal metaplasia, dysplasia and 
carcinoma for gastric carcinogenesis'*. The present results 
support this sequence of events: the mean number of AgNORs 
per nucleus increased with higher degrees of cellular atypia. All 
the values in the tissues showing intestinal metaplasia were 
>16, which was the highest value found in the normal 
epithelium. There was no overlap between normal tissue and 
areas of cellular atypia or malignancy (P < 0-001). 

Although the AgNOR method is not practical for routine 
use in diagnostic histopathology because it is subjective and 
time consuming, this study suggests that the technique may help 
in the evaluation of borderline lesions from normal epithelium 
rather than in the differentiation of precancerous lesions and 
carcinoma. Further studies are required to investigate the role 
of AgNORs as markers of cellular proliferation. 
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Transit disorders of the gastric 
remnant and Roux limb after 
Roux-en-Y gastrojejunostomy: 
relation to symptomatology and 
vagotomy 


Patients after Roux-en-Y gastrojejunostomy frequently complain of 
upper abdominal pain, fullness, nausea and vomiting. This study was 
performed to clarify the relationship of this Roux-en-Y syndrome to 
transit disorders in the gastric remnant and Roux limb, and to vagal 
status. Using a questionnaire, 35 of 66 patients operated on between 
1976 and 1987 were judged to suffer from the Roux syndrome. 
Gastrojejunal transit was studied by scintigraphy with a solid test meal 
in 61 patients, 34 of whom were symptomatic. The median (interquartile 
range) gastric half-emptying time was longer in symptomatic than in 
asymptomatic patients (79 (43-146) versus 56 (27—79) min, P < 0:05), 
and in patients with a bilateral vagotomy than in those without a 
vagotomy (94 (43-225) versus 59 (31-77) min, P < 0-05). Stasis in 
the Roux limb was observed in 18 of 28 symptomatic and in only three 
of 27 asymptomatic patients (P < 0-01). The median (interquartile 


range) fraction of activity emptied from the stomach and remaining in 


the Roux limb at 60 min was 54 (39-60) per cent in symptomatic 
patients and 33 (21—40) per cent in those without symptoms (P < 0-01). 
Stasis in the Roux limb was not related to vagal status. No relationship 
between slow gastric emptying and Roux-limb stasis was found. Slow 
gastric emptying, Roux-limb stasis or a combination of both was found 
in 30 of 34 symptomatic and in only nine of 27 asymptomatic patients 
(P < 0-01). It is concluded that both slow gastric emptying and 
Roux-limb stasis can be interpreted as causing the Roux syndrome. 
Vagotomy seems to be the major cause of slow gastric emptying, but 
it is not related to stasis in the Roux limb. 


Roux-en-Y reconstruction after partial gastrectomy is effective 
in preventing reflux of biliary and pancreatic juices into the 
gastric remnant!~>. However, it is now recognized that this 
diversion technique frequently leads to complaints of post- 
prandial pain, epigastric fullness, nausea and vomiting*~®. This 
symptom complex was called by Mathias et al. the “Roux-en-Y 
syndrome”. 

Transit disturbances in either the gastric remnant, the jejunal 
Roux limb or both are assumed to be the main cause of these 
symptoms. In several stúdies, delayed emptying of solids from 
the gastric remnant was found to be associated with the Roux 
syndrome™!?. Some studies have extended the assessment of 
gastric emptying with transit studies of the Roux limb® +1713, 
The results of those studies are conflicting with respect to the 
role of Roux-limb stasis in the pathogenesis of the syndrome. 
The role of vagotomy in the development of the Roux syndrome 
also remains unclear'*, 

To clarify the relationship between the Roux-en-Y syndrome 
and transit disorders of the gastric remnant and Roux limb, 
patients subjected to Roux-en-Y gastrojejunostomy at this 
institution between 1976 and 1987 were studied. Symptoms 
were related to gastric emptying and transit through the Roux 
limb. In addition, the possible contribution of vagotomy and 
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other operative procedures to the development of the syndrome 
was evaluated. 


Patients and methods 


Patients 


Between 1976 and 1987, Roux-en-Y reconstruction was performed in’ 
82 patients after partial gastrectomy for benign disorders of the stomach 
or oesophagus. 

Sixteen patients did not participate in the study. Ten were excluded 
for concomitant disease that could affect intestinal motility: four had 
diabetes mellitus, five had a neurological disorder and one scleroderma. 
Four patients died from unrelated causes during follow-up and two 
could not be traced. 

There were 46 men and 20 women of mean age 58 (range 20-81) 
years. Follow-up varied from 2 to 13 (mean 7) years. During follow-up, 
gastroscopy and/or barium meal examination had been performed in 
all symptomatic patients to exclude peptic ulcer or anatomical 
obstruction, 

The indications for operation are presented in Table 1. In ten of 
the 66 patients, gastric resection and Roux-en-Y gastrojejunostomy had 
been performed simultaneously. The other 56 patients had been 
previously subjected to various numbers of gastric surgical operations 
(one procedure in 37 patients, two in 13, and three in six). Alkaline 
reflux gastritis and peptic ulceration were the most common indications 
for the secondary Roux-en-Y procedures. In ten of these 56 secondary 
procedures (all Billroth II gastrojejunostomies) the afferent limb was 
divided and reanastomosed to the more distal jejunum, thereby 
preserving the previous gastrojejunostomy. In the remaining 46 subjects 
(five with Billroth I gastroduodenostomy and 41 with Billroth 1 | 
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Table 1 Indications for Roux-en-Y reconstruction 

i aa 
Gastrectomy 
simultaneously Secondary 
with Roux-en-Y Roux-en-Y 





a8 ` procedure procedure Total 
Indication (n = 10) (n = 56) (n = 66) 
Alkaline reflux gastritis* 1 26 27 
Peptic ulcer* 4 21 25 
Persistent reflux 5 6 11 
oesophagitis 
Afferent loop syndrome . 0 3 3 





* Primary or after partial gastrectomy 


- gastrojejunostomy ) the Roux-en-Y gastrojejunostomy was created after 
resection of the anastomosis. 

The length of the Roux limb varied from 30 to 70 (mean 45) cm. 
Truncal vagotomy had been carried out in 34 subjects; neural tissue 
removed at vagotomy was examined histologically in 27. Both vagal 
trunks were excised in 22 patients, while only one trunk was excised 
in five. Intraoperative testing for completeness of vagal denervation 
was not performed. 

Eight subjects, all without a vagotomy, developed a jejunal peptic 
ulcer during follow-up. Four were treated with further resection and 
vagotomy, the other four with H,-receptor antagonists. 

The study was approved by the hospital medical ethical committee 
and informed consent obtained from all patients. 


Questionnaire 


All 66 patients were interviewed using a standard questionnaire, copies 
of which may be obtained from the author (H.C.J.v.d.M.). This was 
directed to symptoms, especially to those that may be ascribed to the 
presence of the Roux-en-Y gastrojejunostomy, i.e. pain, fullness, nausea 
and vomiting in relation to food intake. The mean duration and 
frequency of occurrence of each symptom were noted. On the basis of 
the questionnaire results, patients were classified as symptomatic or 
asymptomatic. They were considered symptomatic if they fulfilled one 
or more of the following criteria: pain, fullness and/or nausea with a 
duration of more than half an hour after the majority of meals; and 
vomiting more than once a week. 


Radionuclide study 


Gastrojejunal transit was studied by scintigraphy. After an overnight 
fast, a °°™Tc-labelled pancake (total energy 1130 kJ: protein 7:5 g, 
carbohydrate 39 g, fat 9-4 g; radioactivity 10 MBq) was eaten as a test 
meal'>, Radioactivity was subsequently measured in a supine position 
over the whole abdomen using a dual-headed y camera (Siemens Rota; 
Siemens Medical, Hoffmann Estates, Illinois, USA) interfaced to a 
computer (DEC Gamma 11; Digital Equipment, Marlboro, Massa- 
chusetts, USA). Digital frames were recorded for 1 h in 1-min periods. 
After repeatedly viewing the images of all successive frames in film 
mode, regions of interest were chosen for the stomach, Roux limb and 
the remainder of the abdomen, using the sum image of all 60 frames. 
The activity curves for these three regions were obtained by calculating 
the geometric means of the anterior and posterior curves. The rate of 
gastric emptying was expressed as the half-emptying time (t,,.) and 
determined by fitting a power exponential curve to the emptying curve 
of the stomach region'*:!©, The power exponent determines deviations 
of the emptying curve from a monoexponential decay curve. The 
emptying curve for solids normally shows a lag phase; with an 
increasing length of this lag phase, the value of the power exponent 
will be progressively larger than 1-0. Normal values for tı; in this 
institution are 30—90 min for the intact stomach. Slow gastric emptying 
was defined as t,,. >90 min. 

For the assessment of transit through the Roux limb, allowance 
was made for the filling of the limb (gastric emptying). Calculation of 
a simple half-emptying time, as previously proposed'?, is highly 
questionable. Another complicating factor is reflux into the gastric 
remnant, which frequently occurs. In view of these considerations, 
Roux-limb stasis was determined by two methods and the results 


compared. First, the activity curves from the regions of the Roux limb . 


and the rest of the intestine were analysed visually and stasis was defined 
as an increase of the activity over the region of the Roux limb during 
the test, accompanied by slow or absent increase of activity over the 
rest of the intestine (Figure 1). Second, the amount of radionuclide 
activity present in the Roux limb at the end of the test, expressed as 
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Counts 





b Time (min) 


Figure 1 An example of a regions of interest with b their activity curves 
in a scintigraphic study of a patient with normal gastric emptying and 
stasis in the Roux limb. A, gastric remnant (—); B, Roux limb (----); 
C, remainder of abdomen (——) 


a percentage of the amount of activity that had been emptied from the 
stomach during the test, was determined. 


Statistical analysis 

Wilcoxon’s test for paired and unpaired data, Kruskal-Wallis one-way 
analysis of variance and the x? test were used for statistical analysis'”. 
Values are given as median (interquartile range (i.q.r.)). Differences 
were considered significant at P < 0-05. 


Results 


Questionnaire 

Thirty-five patients reported symptoms. Complaints in these 
35 were: fullness (31 patients), pain (22), nausea (22) and 
vomiting (14). All but six patients had more than one symptom. 
Of the six patients with only one symptom, four had long-lasting 
fullness with bloating after each meal and two suffered pain 
after each intake of food. Despite the presence of symptoms, 
20 of the 35 patients reported improvement after the Roux-en-Y 
operation. 

No relationship was found between the presence of 
complaints and the indication for operation, vagal status, the 
method of creating the Roux-en-Y gastrojejunostomy or the 
length of the Roux limb. 
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Figure 2 Counts in the Roux limb at 60 min as a percentage of those 
emptied from the gastric remnant in 60 min, for 21 patients with 


Roux-limb stasis and 34 without, as assessed visually. ©, Patients with’ 


a period of reflux from the Roux limb to the gastric remnant just before 
the 60th minute. Bars are medians 


Table 2 Transit disorders related to vagal status* 





Bilateral One vagal No 
vagotomy trunk excised vagotomy 
(n = 28)} (n=5) (n = 28) 
Median (interquartile 94 (43-225) 49 (14-119) 59 (31-77) 
range) tı; (min) 
No. of patients with 7 of 22t 2 of 5 12 of 28 


Roux-limb stasis 


ti, Gastric half-emptying time. *One patient with a vagotomy and 
four patients without refused to undergo scintigraphy; 21 patients 
with and seven without histological confirmation; {Roux-limb transit 
could not be evaluated in six patients 


Radionuclide studies 


Scintigraphy was performed in 61 of the 66 patients; one 
symptomatic and four asymptomatic patients declined to 
participate in this part of the study. The t,,. of the gastric 
remnant ranged from 50 to 300 (median 71) min. The median 


(i.q.r.) ty. was 79 (43-146) min in symptomatic and 56 


(27-79) min in asymptomatic patients (P < 0-05). Slow gastric 
emptying was observed in 16 of the 34 symptomatic and in six 
of the 27 asymptomatic patients. No significant differences were 
found for the median (i.q.r.) power exponent between 
symptomatic and asymptomatic patients (1:16 (0:80-1:78) 
versus 1:26 (1:16-1-80)). 

Transit through the Roux limb could not be evaluated 
reliably in six of the symptomatic patients because of very slow 
‘gastric emptying. In the remaining 55 patients undergoing 
scintigraphy, stasis in the Roux limb, as determined by visual 
analysis, was observed in 18 of the 28 symptomatic and in only 
three of the 27 asymptomatic patients (P < 0-01). The median 
(i.q.r.) activity in the Roux limb at the end of the test, expressed 
as the fraction of activity emptied from the gastric remnant 
during the test, was higher in symptomatic than in 
asymptomatic patients (54 (39—60) versus 33 (21—40) per cent, 
P < 001). Good agreement was found between the two 
methods for determination of Roux-limb stasis (Figure 2). 

The simultaneous presence of both slow gastric emptying 
and Roux-limb stasis was observed in four symptomatic and 
in no asymptomatic patients. Thus, 30 of 34 symptomatic 


patients had either slow gastric emptying, stasis in the Roux 
limb or both, whereas only nine of 27 asymptomatic patients 
had one or more of these transit disorders (P < 0-01). Two of 
the four symptomatic patients without slow transit through 
either stomach or Roux limb had fast emptying of the gastric 
remnant (tı;2 < 30min); in one this was accompanied by 
symptoms of dumping. No explanation was found for the 
symptoms in the other two patients. 

The presence of stasis in the Roux limb did not appear to ` 
be associated with a reduced gastric emptying rate, since gastric 
emptying times in patients with such stasis were similar to those 
in patients without. The median (i.q.r.) t,,. was 60 (41-80) min 
in the presence (21 patients) and 58 (27-110) min in the 
absence (34 patients) of Roux-limb stasis. 

In evaluating the effect of vagotomy and other operative 
procedures on transit, a statistically significant difference 
(P < 0-05) in ty. was found between patients with a bilateral 
vagotomy and those without vagotomy (Table2). No 
significant difference was found for the median (i.q.r.) power 
exponent between these two groups (1-23 (0:90-1:81) versus 
1-24 (0-80—1-88)). No relationship was found between stasis in 
the Roux limb and vagotomy (Table 2). The method of creating 
the Roux-en-Y gastrojejunostomy in the secondary procedures, 
the number of previous gastric operations (Table 3) and the 
indication for operation (Table 4) had no effect on transit 
through the gastric remnant or Roux limb. Transit disorders 
through either the Roux limb or gastric remnant were not 
correlated with the length of the Roux limb. The mean(s.d.) 
length of the Roux limb in patients with stasis was 47(8) cm, 
compared with 44(6)cm in those without stasis (P not 
significant). Mean(s.d.) Roux-limb length was 44(7) and 
45(7) cm for patients with and without slow gastric emptying 
respectively. 


Table 3 Transit disorders related to the number of previous gastric 
operations 











No. of No. of 
previous Median patients with 
gastric No. of (interquartile Roux-limb 
operations patients* range) t, (min) stasis 

0 8 75 (49-83) 2of8 

1 36 64 (26-139) 12 of 31t 
22 ; 17 79 (57-114) 7 of 16} 


tı, Gastric half-emptying time. *Scintigraphy was refused by two 
patients without previous gastric surgery, one patient with one and 
two with two previous gastric operations; tRoux-limb transit could 
not be evaluated in five patients; {Roux-limb transit could not be 
evaluated in one patient 


Table 4 Transit disorders related to the indication for the Roux-en-Y 
procedure 





Median No. of 
(interquartile patients with 
No. of Tange) ti. Roux-limb 
Andication patients* (min) stasist 
Alkaline reflux gastritist 26 59 (34-129) 9 of 24 
Peptic ulcert 21 79 (40-131) 8 of 17 
Persistent reflux 11 71 (27-86) 2 of 11. 
oesophagitis 
Afferent loop syndrome 3 65 (59-116) 2of3 


ty, Gastric half-emptying time. *Scintigraphy was refused by one 
patient with alkaline reflux gastritis and four with peptic ulcer; 
tRoux-limb transit could not be evaluated in two patients with alkaline 
reflux and in four with peptic ulcer; {primary or after partial 
gastrectomy i 
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Discussion 

The present study is the first to report both emptying of the 
gastric remnant and transit through the Roux limb in relation 
to symptoms and vagotomy in a large group of patients. Since 
only a few patients did not participate, the results can be 
assumed to be representative for the whole group. 

Four studies on transit through the Roux limb have so far 
_ been reported®:!!-!3, but in none of these was Roux-limb stasis 
clearly defined. In determining transit through the limb by 
scintigraphy one is faced with two main problems: identification 
of the Roux limb and the definition and quantification of stasis. 
By repeatedly reviewing all images sequentially in film mode 
the Roux limb was identified in most patients in the present 
study without problems, except in six with very slow gastric 
emptying. Two different methods were used to assess Roux-limb 
stasis. With both of these the filling as well as the emptying of 
the limb was taken into account. Although one method was 
based on visual analysis of the activity curves, and the other 
on the calculation of retained activity in the Roux limb, close 
agreement between the two methods was found. 

The high proportion of patients in this study having 
symptoms consistent with the Roux-en-Y syndrome is in 
accordance with results of others*'®. In spite of these 
complaints, most subjects felt themselves to have improved after 
the Roux-en-Y procedure; the reliability of this finding is, 
however, questionable in view of the retrospective nature of 
this part of the study, with a mean follow-up of 7 years. 

The results of this study provide strong evidence that the 
Roux syndrome is caused by transit disorders of the gastric 
remnant and/or Roux limb. In symptomatic patients the mean 
gastric half-emptying time was significantly longer than in those 
without symptoms. Similar results have also been described in 
patients after partial gastrectomy and Billroth IT anastomosis!°. 
Ritchie?’ reported that slow gastric emptying after partial 
gastrectomy and Roux-en-Y reconstruction normalized during 
longer follow-up; this was not confirmed in the present study 
as the mean follow-up was 7 (minimum 2) years. 

So far the cause of the slow emptying of the gastric remnant 
after Roux-en-Y gastrojejunostomy has not been clarified. This 
study did not verify the hypothesis’ that slowing of gastric 


emptying is caused by motility disorders in the Roux limb ` 


leading to a functional obstruction: in the patients in whom 
both gastric emptying and transit through the Roux limb could 
be evaluated, stasis in the latter was not attended by slower 
gastric emptying. More likely, slow emptying of the gastric 
remnant is the result of gastroparesis resulting from vagal 
denervation: gastric emptying was significantly slower in 
patients who had undergone complete vagotomy. This is in 
accordance with the studies of Stadaas and Aune”?, and of 
Azpiroz and Malagelada??, who found that the stomach could 
not maintain intragastric pressure after truncal vagotomy. 

The consequences of vagotomy with respect to the 
emergence of gastroparesis raise the issue of whether or not to 
add vagotomy in patients in whom Roux-en-Y gastro- 
jejunostomy is performed. The reason for doing so is the 
observed high risk of recurrent peptic ulcer after Roux-en-Y 
gastrojejunostomy, because of the absence of neutralizing 
duodenal contents near the gastrojejunal anastomosis?*. The 
results of the present study, in which 25 per cent of patients in 
the group without vagotomy had peptic ulcers, compared with 
none in the group with vagotomy, support this. Although it 
thus seems wise to add vagotomy to the Roux-en-Y procedure 
to prevent peptic ulceration, this may result in incapacitating 
gastroparesis, whereas recurrent ulceration can now almost 
always be treated medically. 

The present study shows that, in addition to slow gastric 
emptying, stasis in the Roux limb plays an important role in 
the emergence of symptoms after Roux-en-Y gastrojejunostomy. 
This is further supported by a recent study on treatment of the 
Roux syndrome with cisapride?*, in which it was found that 
acceleration of Roux-limb transit was independently associated 
with symptomatic improvement. Motility disturbances in the 
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Roux: limb are most probably the cause of these transit 
disorders, because anatomical obstruction was excluded in all 
the present patients. Moreover, manometric studies have shown 
major motor abnormalities in the Roux limb in many such 
patients’'"-?5. It seems most likely that these disorders in the 
Roux limb are the consequence of disconnection of the limb 
from the duodenum, leaving this part of the jejunum no longer 
under appropriate electrical control of the duodenal pace- 
maker?®?’, The role of vagotomy in the pathogenesis of 
motility disorders in the Roux limb is questionable. In contrast 
to the experimental work of Vogel et al.?8, no relationship 
between transit disorders in the Roux limb and vagal 
denervation was found. Previous studies have suggested a 
relationship between development of the syndrome and the 
length of the Roux limb*+, the number of Previous gastric 
operations®'? and the indication for surgery*. These findings 
were not confirmed in the present study. 

In conclusion, the results of this study show that: (1) both 
slow emptying of the gastric remnant and Roux-limb stasis are 
frequently found after partial gastrectomy and Roux-en-Y 
reconstruction; (2) both are clearly related to symptoms and 
can be assumed to be the main cause of the so-called Roux-en-Y 
syndrome; (3) vagotomy is the major cause of slow emptying 
of the gastric remnant, but is not related to stasis in the Roux 
limb; and (4) other factors such as the indication for operation, 
number of previous gastric operations and length of the Roux 
limb are not involved in the aetiology of the Roux syndrome. 
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The commonest perforation of the upper gastrointestinal tract 
is a duodenal ulcer. In 1929 Cellan-Jones described the most 
widely used technique for dealing with perforated ulcers, in 
which a strand of omentum is drawn under an arch of 
full-thickness sutures placed on either side of the perforation’. 
Although. the omental patch technique is useful for small holes, 
it is associated with releakage when the perforation is large”. 
In this unit such a method of patching a large ulcer has 
occasionally been associated with releakage within 48 h. This 
prompted a consideration of an alternative technique for 
patching a large perforated duodenal ulcer. 


Surgical technique 


A nasogastric tube is advanced by the anaesthetist and guided into the 
duodenum by the operating surgeon. The end of the tube is directed 
to protrude through the perforated ulcer into the peritoneal cavity. A 
piece of omentum is attached to the tube using a no. 1 chromic catgut 
tie. The tube is then withdrawn and the plug pulled into the perforation, 
thus blocking the latter securely rather than merely patching the surface 
(Figure 1). The edges of the omental plug are tacked to the margins 
of the ulcer using one or two catgut sutures. Meticulous peritoneal 
toilet is performed and the subhepatic space drained with a fine suction 
drain. The nasogastric tube is placed on low-pressure suction 
(50 mmHg) for 72 h and the patient is given a H,-receptor antagonist 
intravenously. The nasogastric tube is removed after 1 week, during 
which time the catgut suture attaching it to the omentum has dissolved 
away. 


Results 


This technique was used to patch large anterior perforated 
duodenal ulcers in three consecutive patients with perforations 
> 1 cm in diameter. The postoperative courses were uncompli- 
cated by any further leakage and all three were discharged 
within 8 days. Endoscopy 6 weeks later showed a healed 
duodenum in all three patients, with a tiny anterior scar. 


Discussion 
There are several conventional options for dealing with a 
perforated duodenal ulcer at laparotomy. The first is simple 


closure*?, a method that can be used only for small 
perforations. Direct apposition is often not possible because of 
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Figure 1 The nasogastric tube has been passed out through the 
perforation into the peritoneal cavity where a piece of omentum has been 
attached to it with a catgut tie. The tube is then withdrawn into the 
stomach, pulling the omental plug into the perforation ` 


the induration of oedema, and the sutures may cut through the 
inflamed duodenal wall. 

The second option of closure with an omental patch is the 
most widely used technique’-?. The method described by 
Cellan-Jones’ may be unreliable for oversewing ulcers > 5 mm 
in diameter. The major disadvantage of this method is that the 
omental plug is rendered ischaemic by tying three sutures across 
it to hold it over the hole. Such ischaemia may give rise to 
necrosis with subsequent releakage. 

The third option is the use of a definitive procedure. The 
decision to use such an operation should be based on associated 
risk factors for the individual patient*. Serious medical illness, 
preoperative shock, and longstanding perforation (> 24h) 
greatly increase mortality. When all three of these risk factors 
were present all patients died, and 46 per cent with two risk 
factors did so*. Thus, if any risk factor is present, simple closure 
is advised. 

The method of omental patching described avoids the 
development of omental ischaemia. In the critically ill patient 
with a large perforated duodenal ulcer who is deemed unsuitable 
for partial gastrectomy, we believe this to be a safe method of 
achieving a firm seal. 
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Bacterial translocation in acute 
liver failure induced by 90 per cent 
hepatectomy in the rat 


Bacterial infection and bacteraemia have been observed in patients with 
acute liver failure. The exact source of bacteria and nature of 
pathophysiological mechanisms explaining the development of infection 
remain unclear. In the present study, acute liver failure was induced by 
90 per cent hepatectomy in the rat. The mesenteric lymph nodes and 
organs were harvested aseptically for bacteriological culture after sham 
operation or 90 per cent hepatectomy. Function of the liver and 
reticuloendothelial system (RES) was assayed; gut oxygen extraction 
was also measured. Translocation of enteric bacteria occurred 2 h after 
operation and increased with time following hepatectomy. Overgrowth 
of Escherichia coli in the distal small intestine started 2h after 


‘operation. RES function decreased immediately after 90 per cent 


hepatectomy, uptake rates per gram tissue in other organs increased 
significantly. These results indicate that bacterial translocation occurred 
early after 90 per cent hepatectomy, associated with a decrease in RES 
function and gut oxygen extraction, and overgrowth of intestinal 


Associate Professor R. Andersson bacteria. 


Bacteraemia and bacterial infection are frequently seen in 
association with acute liver failure, occurring in 20—50 per cent 
of patients!?, Rolando et al.’ recently reported that, of 50 
patients with acute liver failure, defined as the development of 
hepatic encephalopathy, 40 had bacteriologically proven 
infection. The liver constitutes the major part of the reticulo- 
endothelial system (RES) function, with a role in eliminating 
bacteria from the blood*—®. Thus, the high incidence of bacterial 
infection in acute liver failure could be explained by impaired 
RES function’, together with defective serum opsonization and 
complement deficiency®. However, the exact pathophysio- 


logical mechanisms underlying the bacteraemia and bacterial | 


infection in acute liver failure remain unclear. 

Since Berg and Garlington® defined the concept of bacterial 
translocation, many studies of sepsis of gut origin have been 
carried out in models of haemorrhagic shock!®-!!, thermal 
injury!?-!3, total parenteral nutrition’* and malnutrition!*. The 
escape of bacteria from the gastrointestinal tract into the 
bloodstream and various organs has been proposed to be due 
to influence on the intestinal barrier, immunological functions 
and microcirculation of the intestinal wall'®. Bacterial 
translocation from the alimentary tract in rats with 
haemorrhagic shock has been emphasized’”. In the early 1980s, 
Berg!® suggested that translocation of endogenous bacteria 
from the gastrointestinal tract occurred as a subacute or chronic 
process occurring over several days. Koziol et al.*' recently 
reported that translocation of enteric bacteria occurred within 
2 to 4h in the acute phase of haemorrhagic shock. 

The gut might act as a site of entry for bacteria in acute 
liver failure. The present study examined the incidence of 
bacterial translocation in rats with liver failure induced by 
90 per cent hepatectomy. Bacteriological blood and tissue 
cultures, and RES function were studied to explore the source 
of bacteraemia and infection in acute liver failure and the 
relationship between bacterial translocation and RES activity. 


Presented in part at the Fourth World Congress of the World Association 
of Hepato-Pancreato-Biliary Surgery in Hong Kong, June 1992 
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Materials and methods 


Adult male Sprague-Dawley rats (Anticimex, Stockholm, Sweden) 
weighing 250—300 g were used. The animals were fed standard rat chow 
(R3; Astra-Ewos, Södertälje, Sweden) and water was freely available. 
The rats were acclimatized to laboratory conditions for 4—6 days; they 
were subjected to a diurnal cycle of 12h day and night and kept in 
mesh stainless steel cages (three rats per cage) individually maintained 
at constant temperature (22°C). 

Hepatectomy of 90 per cent in the rat has been shown to result in 
acute liver failure’?°. Under light ether anaesthesia and aseptic 
conditions, a laparotomy was performed including removal of the 
xiphoid. The liver was freed from the surrounding ligaments. The 
90 per cent hepatectomy performed was a modification of that described 
previously'®. The left, median, right upper and lower lobes or the major 
part of the right lower lobe were in general included in the hepatectomy, 
leaving only the caudate or sometimes also parts of the right lower 
lobe. After resection, a coagulant (Spongostan; Ferrosan, Copenhagen, 
Denmark) was used to stop bleeding on the cut surfaces. Subtotal 
hepatectomy of 90 per cent was defined by weight, related to the total 
liver weight, estimated before the operation as 45 per cent of 
body-weight?°. Sham operation was carried out by laparotomy with 
removal of the xiphoid and separation of the liver without resection. 

Using a sterile technique, 0-2 ml blood was taken from the tail vein 
immediately before operation and at 1, 2, 4 and 6h afterwards for 
bacterial culture. At the same time as blood sampling, 02 ml autologous 
blood was injected. Rats undergoing 90 per cent hepatectomy were 
killed by anaesthetic overdose 1, 2, 4 or 6 h after hepatectomy. A midline 
incision was made through the skin and muscular layers of the 
abdomen. After sterilizing the outside of the parietal peritoneum with 
70 per cent alcohol, the mesenteric lymph nodes (MLNs), liver, kidneys 
and spleen were harvested for bacterial culture as previously 
described?!. Using the same method, the thoracic cavity was entered 
and part of the lungs sampled for bacterial culture. Bacterial 
contamination of the operative field and viscera were 
determined as described by Deitch et al.!?, Parts of the MLNs, spleen, 
liver, kidneys and lungs were weighed before culture. Parts of the 
proximal jejunum (5-7 cm from the ligament of Treitz), distal ileum 
(10-12 cm from the caecum) and transverse colon were removed for 
bacterial culture and weighed. Blood samples were immediately 
inoculated in 3 ml blood culture medium. The medium used for aerobic 
bacteria included 30g Tryptone Soya. Broth (Difco Laboratories, 
Detroit, Michigan, USA), 1g Na,HPO,-2H,0, 025g sodium 
polyanetholsulphonate, 7-5g glucose and 10g sucrose per litre. 
Anaerobic bacteria were grown in 35g Columbia broth, 05g . 
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Na HPO, -2H,O, 0-25 g sodiurh polyanetholsulphonate, 7-5 g glucose 


and 0-12 g cysteinhydrochloride again dissolved in distilled water to: 


1 litre. The harvested organs were placed in test tubes containing 3 ml 
Brain Heart Infusion Broth (Difco) and homogenized for culture of 
aerobic, microaerophilic and anaerobic bacteria. The intestinal 
suspension was mixed in a Super Mixer (Lab-Line Instruments, 
Meprose, New York, USA) and allowed to settle. The supernatant 
(02 ml) was used as inoculum for the culture. Blood agar plates 
consisting of Blood Agar Base (Oxoid, Basingstoke, UK ) supplemented 
with 4 per cent horse blood were used to count viable bacteria. In some 
series of experiments for viable count determinations of -Escherichia 
coli, McConkey agar (Oxoid) was also used. All media used for aerobic 
culture of organ or blood samples were incubated at 37°C for at least 
3 days, while the anaerobic organ samples were cultured at 37°C for 
7 days before being regarded as’ negative, Enteric Gram-negative 
bacteria were identified by the API 20 system -(BioMerieux, 
Marcy-l’Etoile, France) and Lactobacillus acidophilus by API 50 CH 
(Analytab Products, Plainview, New York, USA). All other aerobic, 
microaerophilic and anaerobic microbes isolated were identified by 
standard procedures?*?3, The numbers of living bacteria were 
calculated and expressed as number of living organisms per gram tissue. 
E. coli (serotype 046:KI:H31)} were cultured overnight in 
. Todd—Hewitt broth, heat-killed at 80°C for 10 min, washed three times 
‘in phosphate-buffered saline (PBS) (Sigma Chemicals, St Louis, 
Missouri, USA) including 0-03 mol/l phosphate and 0-12 mol/l saline 
and at pH 7-2, and then suspended in PBS. Bacterial radiolabelling 
with 12I was performed with the protein-labelling method described 
by McConahey and Dixon” using chloramine T as the oxidizing agent. 
This radiolabelling was followed by three additional washings in PBS 
and centrifugations (1800 r.p.m. for 10 min) after which the suspension 
was frozen at —20°C and thawed immediately before use. The 
radioactivity was approximately 3 x 10’ c.p.m. per ml bacterial 
suspension. 

The phagocytic index was used to assay RES function by the blood 
clearance rate of '?*I-radiolabelled E. coli. Radiolabelled bacteria 
(0-1 ml) at a dose of 3 x 10° c.p.m. per rat were injected through a 
femoral vein catheter (outer diameter 094mm; Dow Corning, 
Michigan, USA) and 150 ul blood sampled immediately before and 2, 
5, 8, 10 and 15 min after bacterial injection through a femoral artery 
catheter (outer diameter 0-75 mm; Portex, Hythe, UK ). The phagocytic 
index was measured by a slight modification of the method of Braude 
et al.*5. Estimation of the uptake rate of '?5]-radiolabelled E. coli was 
performed according to a modification of the principle described by 
Arii et al.?6. The uptake rate of radiolabelled bacteria per gram tissue 
in the liver, spleen, lungs and kidneys was determined when the animals 
were killed 15 min after intravenous injection of 1?*I-radiolabelled 
E. coli; this was expressed as the uptake ability per gram tissue. The 
uptake rate is equal to the ratio of radioactivity per gram tissue to 
radioactivity in the blood 15 min before organ harvest, multiplied by 
100. The uptake percentage distribution of radiolabelled bacteria in 
each organ was used to express its RES function, defined as the uptake 
in each organ as a proportion to the total uptake in all four major 
organs immediately, 2 and 6h after 90 per cent hepatectomy. 

To measure oxygen extraction, 03 ml blood was taken from the 
abdominal aorta, inferior vena cava and portal vein before death. 
Determination of haemoglobin and blood gas analysis were performed 
using a Haemoglobin Analyzer (Vitratron HBF 200, Amsterdam, The 
Netherlands) and Acid-Base Analyzer (ABL 30; Radiometer, 
Copenhagen, Denmark ). Oxygen content in the arterial, systemic and 
portal venous blood was calculated according to Salloum et al.?7. 
Whole-body oxygen extraction was determined from the difference in 
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oxygen content of the abdominal aorta (A) and oxygen content of the 
inferior’ vena cava (SV): 


| Body oxygen extraction = (A — SV)/A 


Oxygeli extraction in the gastrointestinal tract was assayed by the 
difference between A and oxygen content of the portal vein (PV): 


Gut oxygen extraction = (A — PV)/A 


The femoral artery was aseptically cannulated (outer diameter 
0-75 mm; Portex). The mean arterial pressure was measured using a 
Mingograf (Siemens—Elema, Erlangen, Germany ) before the operation 
and immediately, 1, 2, 4 and 6h afterwards. 

A volume of 0-5 ml blood was taken from the tail vein after 
90 per cent hepatectomy or sham operation in animals not challenged 

with 1?5]-radiolabelled bacteria to measure the plasma levels of 
aspartate aminotransferase (ASAT), alanine aminotransferase (ALAT), 
alkaline phosphatase and bilirubin the day before and immediately, 1, 
2, 4 and 6h after operation. After blood sampling, 0:5 ml sterile saline 
was injected into the tail vein. i 

At .3 days before operation 1ml blood was taken from all 
experimental animals for autologous blood transfusion during 
operation and during blood sampling to keep arterial pressure above 
90 mmHg. 

The study included the following four experiments. In controls 
(n = 6), a laparotomy was carried out and the liver mobilized, followed 
by bleeding to achieve arterial pressure of 90 mmHg. Rats with 
90 per cent subtotal hepatectomy were randomized to studies on 
bacterial translocation (n = 28), RES function (n = 24) or liver 
function (n = 24). Finally, another 24 rats were used to assay body 
and gut oxygen extraction. Six or ten rats were studied at each time 
point. Standardized portions of each organ were taken for the 
determination of RES function: these were the caudate lobe of the liver, 
the middle of the spleen, the middle of the kidney and the lower right 
lobe of the lungs. In this study animals measured did not include those 
which had died before planned termination of the experiment. 

Student’s t test and y? analysis were used for statistical comparisons. 


Results 


The operating time for all surgical procedures including sham 
operation and 90 per cent hepatectomy did not exceed 10 min. 
The preoperative mean(s.e.m.) arterial pressure was 110(12) 
mmHg, decreasing to 80(5) mmHg after hepatectomy. Clinical 
signs of liver failure were noted from 2 to 4h after operation, 
including trembling, somnolence, lethargy or even coma. Liver 
function tests gave further evidence of acute hepatic failyre 
induced by 90 per cent hepatectomy. Enzyme and bilirubin 
levels increased after 1 h and were significantly raised 2-4 h 
after liver resection (P < 0-05) (Table 1), increasing with time 
after hepatectomy (at 6h, P < 0-01). The mortality rates were 
10 and 30 per cent at 4 and 6h respectively after 90 per cent 
hepatectomy; no animal died within 2 h of the procedure. 
Blood cultures in controls and 1h after hepatectomy were 
negative. In contrast, 80 per cent of blood cultures in rats 
undergoing hepatectomy were positive for bacterial growth 2 h 
after operation and 100 per cent were positive 4h after 
(Table 2), significantly different from both controls and cultures 
1h after liver resection (P < 0-01). The incidence of positive 


Table 1 Mean(s.e.m.) plasma levels of liver enzymes and bilirubin at different times after 90 per cent hepatectomy in the rat 








Alkaline 
ALAT ASAT phosphatase Bilirubin 
(ukat/1) (ukat/1) (ukat/1) (umol/1) 
Control (sham operation) 3-5(0°8) 6-3(0-5) 8-4(0-6) 8:2(0°7) 
Time after operation (h) 
0 $-7(1-0) 8-6(0-8) 10-3(0-9) 11-9(0-5) 
1 6-4(0-8) 8-8(1-2) 12-6(0-8) 14-1(0-6) 
2 T4(1-1)* 10-7(1-5)* 15-2(1-0)* 15-6(3-2)* 
4 8-3(1-4)* 13-3(0-9)* 16-4(2-0)* 17-:7(3-2)* 
6 11-2(2:2)f 15-5(2-4)t 18-1(3-4)t 20-4{3-7)t 


Each group contained 12 rats. ALAT, alanine aminotransferase; ASAT, aspartate aminotransferase. * P < 0-05; tP < 0-01 (versus control, Student’s 


t test) 
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Table 2 Incidence of positive cultures in blood and organs at different times after 90 per cent hepatectomy in the rat 








No. Blood MLNs Liver Spleen Lungs Kidneys 

Control (sham operation) 6 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
Time after operation (h) 

1 6 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

2 10 8 (80)t 8 (80)t 5 (50) 5 (50) 1 (10) 1 (10) 

4 6 6 (100)t 6 (100)t 4 (67) 5 (83)* 3 (50) 2 (33) 

6 6 6 (100) 6 (100)t 6 (100) 5 (83) 6 (100) 3 (50) 
Values in parentheses are percentages. MLNs, mesenteric lymph nodes. * P < 0-05 (versus control); tP < 0-01 (versus control); y? test 
Table 3 Mean(s.e.m.) content of Escherichia coli in blood and organs at different times after 90 per cent hepatectomy in the rat 
Time after Blood MLNs Liver Spleen Lungs 
operation (h) (cfu. x 103/ml) (cfu. x 10°/g) (c.f.u. x 10°/g) (cfu. x 10?/g) (cfu. x 107/g) 
2 2-4(12) 5-6(0°6) 0-7(0-1) 1:8(0-2) 2:2 (n=1) 

22:1(7-6)t 178(1°5)t 1-4(0-2)* 5-7(1-0)* 7-4(0-7) 

6 7-9(2-28 33-5(5°5)t8 1-6(0-1)t 34-7(2-3 4§ 13-0(2:8)t 


cf.u., Colony-forming units; MLNs, mesenteric lymph nodes. *P < 0-05 (versus 2h after operation); tP < 001 (versus 2h after operation); 
{P < 005 (versus 4h after operation); §P < 0-01 (versus 4h after operation); Student’s t test 


Table 4 Mean(s.e.m.) content of Escherichia coli in the distal small intestine and colon in rats at different times after 90 per cent hepatectomy 





Distal small intestine (c.fu. x 10*/g) 


Colon (cfu. x 105/g) 

















Time after 
operation (h) Hepatectomy Control P* Hepatectomy Control P* 
- 2 5-7(2:1) 0-9(0-4) 0-023 3:3(9-8) 0-7(0-2) 0-021 
5-1(0-9) 0-9(0-4) 0-002 27-7(8-5) n.d. 0-01f 
6 n.d. n.d. — 92-6(310) nd. 0-014+ 





Each group contained six rats. cf.u., Colony-forming units; n.d., not determined. *Student’s t test (t versus control at 2 h} 


bacterial cultures in the MLNs, liver, spleen and lungs is shown 
in Table 2. Bacterial growth in the MLNs and spleen occurred 
2 h after 90 per cent hepatectomy, while cultures were negative 
in controls and 1h after hepatectomy. The number of viable 
organisms in the MLNs and the various organs gradually 
increased with time following hepatectomy. E. coli dominated, 
among isolated bacteria, although enterococci, streptocecti, 
Klebsiella and Proteus mirabilis were also demonstrated. 
Quantitative cultures of Æ. coli isolated from blood and organ 
cultures in rats subjected to hepatectomy are shown in Table 3. 
The number of E. coli in blood cultures 4 h after hepatectomy 
significantly increased compared with 2h after operation 
{P < 001) while no significant difference was seen at 2h 
compared with 6 h after operation. The number of bacteria in 
the MLNs gradually increased with time after 90 per cent 
hepatectomy. In the liver, spleen and lungs the number of E. coli 
significantly increased after 4 and 6h (P < 0-05). No growth 
of E. coli in the proximal intestine was demonstrated. The 
number of E. coli cultured in both the distal small intestine 
and colon in rats subjected to 90 per cent hepatectomy was 
significantly higher than in controls from 2h after operation 
(P < 0-05) (Table 4). The number of E. coli in the distal small 
intestine 4h after hepatectomy was not different from that in 
the colon in controls (P = 0-57). 

The phagocytic index comparing the time intervals 2-5, 
6-8, 9-10 and 11-15 min after intravenous challenge with 
'25T-radiolabelled bacteria is shown in Figure 1. During the 
initial phase (2-5 min), the uptake ability of the rats receiving 
hepatectomy was markedly impaired (P < 0-001). Phagocytic 
. index at the various times after 90 per cent hepatectomy did 
not differ. 

The uptake rate of !?5]-radiolabelled E. coli per gram organ 
tissue and the percentage distribution of uptake in the four 


0-10 


Phagocytic Index 








Time after injection of '25!-radiolabelled 
Escherichia coli (min) 


Figure 1 Mean(s.e.m.) phagocytic index in control rats (sham 
operation, @) and in rats 0h (o), 24 (W) and 6 h (O) after 90 per cent 
hepatectomy. Each group contained six animals 


organs after hepatectomy is shown in Table 5. Although the 
uptake rate in the liver remnant started to increase 2h after 
hepatectomy and was significantly increased 6h after 
(P <0-05), total uptake ability of the liver diminished 
immediately following 90 per cent hepatectomy and remained 
low for the whole study period (P < 0'01) compared with 
controls. The splenic uptake rate of 17*J-radiolabelled 
bacteria increased immediately following subtotal hepatectomy 
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Table 5 Mean(s.e.m.) uptake rate and percentage distribution of +35 Lradiolabelled bacteria in various organs at different times after 90 per cent 


hepatectomy in the rat 





i 














l 
Liver Spleen i Lungs Kidneys 
T 
Uptake rate Distribution Uptake rate Distribution Uptake rate Distribution Uptake rate Distribution 
(per g tissue) (%) (per g tissue) : (per g tissue) (%) (per g tissue) (%) 
Control 2-6(0-4) 87-7(0-4) 3-1(0-2) 9-9(0-4) 0-3(0-1) 1-5(0-2) 0-1(0-1) 0-9(0-1) 
(sham operation) 
Time after operation (h) ; 
0 2:6(0-1) 25-4(1:4)t 5:5(0-3)* 31-1(2:2)t 2:8(0-2)* 34-5(2:2)t 0-3(0-0)* 7:8(0:6)t 
2 3-6(0-5) 31-6(4-2)f 6:3(0-5)* 36-8(3-4)t 3-4(0-4)t 27:3(3-1)t 0:3(0-0)* 5-4(0-2)* 
6 4:3(0-4)* 37-4(4-8 ft 7-9(0-3)* 41-5(4-7)t 1-2(0-3)* 16-5(2-6)* 0-2(0-0)* 4:3(0-6)* 


The uptake rate is the ratio of radioactivity per gram tissue to the total radioactivity intravenously injected, multiplied by 100. The distribution is 
the percentage uptake in each organ in proportion to total uptake in the four organs. Each group contained six rats. *P < 0-05; tP < 0-01 (versus 


control); Student's t test 
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Figure 2 Mean(s.e.m.) a whole-body and b gut oxygen extraction in control rats (sham operation) and rats at 2, 4 and 6h after 90 per cent 


hepatectomy 


(P < 0-05) and the percentage distribution increased during the 
study period compared with controls (P < 0-01). In both lungs 
and kidneys, radioactive uptake and percentage distribution 
increased immediately after hepatectomy. 

Whole-body oxygen extraction in animals subjected to 
hepatectomy was significantly higher than in controls 
(P < 0-01) while no difference between the various times after 
hepatectomy was noted. In contrast, gut oxygen extraction in 
rats with 90 per cent hepatectomy significantly decreased 2, 4 
and 6h after operation (P < 0-01) (Figure 2). 


Discussion 

Bacterial infections and bacteraemia are serious complications 
frequently encountered in patients with acute liver failure?:?*-?. 
Bacteraemia and bacterial infection have been suggested to 
aggravate other coexisting complications such as encephalo- 
pathy and liver dysfunction itself?®. A defective host defence in 
acute liver failure, including impaired RES function’ and 
decreased plasma levels of factors like fibronectin®°, opsonins 
and complement®, might increase the occurrence of bacteraemia 
and infection. The exact origin and pathophysiological 
mechanisms underlying bacteraemia in such liver failure remain 
unclear. 

The intestinal barrier has been defined as the first local 
defence*!. Factors such as immune dysfunction of the host, age 
and fasting have been suggested to promote translocation of 
gut bacteria’. Therefore the study of bacterial translocation 
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in acute liver failure induced by drugs*? or hepatotoxic 
substances?? may be affected by a possible influence on enteric 
bacteria by these substances themselves. Hence, 90 per cent 
subtotal hepatectomy in rats without any preoperative 
administration of hepatotoxic drugs was chosen as a model for 
induction of acute liver failure'®, which also has an associated 
increase in portal pressure (unpublished data). 

In the present study, enteric bacteria were shown to 
translocate to blood, MLNs and other organs following 
90 per cent hepatectomy, confirming observations in other 
experimental models!®!*-!5. The decrease in arterial blood 
pressure noted after 90 per cent hepatectomy could not be 
considered as a major factor influencing bacterial translocation 
in acute liver failure because blood pressure was kept at a 
similar level in controls. In experimental haemorrhagic shock", 
bacterial translocation occurred at a mean arterial pressure of 
30 mmHg starting 2 h after induction of shock, followed by a 
significant bacteraemia uniformly appearing 3h after. This 
suggests that bacterial translocation may be an acute event, 
and is not only a subacute or chronic process, as has been 
indicated previously®!°. According to the present results, 
bacterial translocation to blood and MLNs started 2h after 
induction of acute liver failure. The predominantly isolated 
bacterium was ŒE. coli, in accordance with findings in 
endotoxin-induced translocation**, although Pseudomonas 
aeruginosa dominated in haemorrhagic shock-induced trans- 
location!!. In addition to E. coli, four other bacterial species 
were isolated from blood and organ cultures in rats with acute 
liver failure. 


Acute liver failure: X. D. Wang et al. 


Many disorders in the gut have been attributed to bacterial 
overgrowth and colonization of the small intestine**. Bacterial 
adhesion to intestinal cell surfaces seems to be an important first 
step in enteric microbial overgrowth. Increased bacterial 
adhesion to the mucus layer and brush border after subtotal 
hepatectomy (unpublished data) might result in overgrowth 
and colonization*®, increasing the possibility of enteric bacteria 
penetrating the gut barrier to reach the MLNs. Aerobic 
bacterial overgrowth resulted in a selective loss of brush border 
alkaline phosphatase activity and an increase in y-glutamyl 
transferase activity, while anaerobic overgrowth was related to 
a reduction in brush border density and the glycoprotein: lipid 
ratio of the brush border membrane*’. The patterns of 
colonization have been reported to be influenced by the 
production of bacteriocines**. Bacterial overgrowth can be an 
important factor in acute liver failure in rats, increasing the 
risk of transfer of enteric microflora to blood and organs by 
disruption of the ecological balance in the intestine. Direct 
effects of bacterial proteases on specific microvillus membrane 
proteins?’ or impaired utilization of glutamine, the principal 
fuel of enterocytes?’, contribute to the breakdown of the 
intestinal barrier. Enteroinvasive E. coli not only invade 
intestinal endothelial cells, but also have the ability to release 
endotoxin and cytotoxin, which could injure the enterocytes*® 
In the present study gut oxygen utilization was impaired in 
acute liver failure induced by 90 per cent hepatectomy, 
indicating a decrease in gut metabolism, which might be one 
of the reasons explaining overgrowth of enteric micro- 
organisms in liver failure. Another reason that should be 
considered is that a diminished bile secretion and/or disturbed 
enterohepatic circulation of bile acids in experimental acute 
liver failure induce dysfunction of the enterocytes and intestinal 
barrier as well as enteric bacterial overgrowth, since bile has 
an important trophic action in the gutt! and also inhibits the 
growth of some enteric bacteria*?. This study cannot eliminate 


the possibility that other more fastidious species of enteric . 


bacteria, not isolated because of limitations in the culture 
facilities or techniques used, may take part in the disturbance 
of the intestinal barrier. A markedly diminished oxygen 
extraction in the intestine might be caused by opening of 
arteriovenous shunts thus diverting blood away from the 
gastrointestinal tract, which would result in altered intestinal 
function and structure, enhancing enteric bacterial trans- 
location. This haemodynamic alteration in 90 per cent 
hepatectomy-induced acute liver failure may be attributed to 
portal hypertension, local tissue hypoxia, increased vaso- 
dilatation or reduced intestinal vascular resistance induced by 
toxins such as ammonia and endotoxin, as found in patients 
with chronic and fulminant liver failure*>, A previous study** 
has demonstrated that blood flow in the liver remnant did not 
appear to fall in the early phase after subtotal hepatectomy, 
and no correlation between organ uptake and blood flow was 
noted. 

The risk of bacterial invasion is increased with time after 
hepatectomy. The ability to clear bacteria decreased immediately 
following 90 per cent hepatectomy, although the phagocytic 
function in the spleen and lungs significantly increased. Spaeth 
et al.** recently reported that splenectomy reduced the 
incidence of endotoxin-induced bacterial translocation, probably 
due to a reduced response of distant organs to endoxotin. The 
present study.found that the phagocytic activity of the spleen 
increased immediately after subtotal hepatectomy, while acute 
liver failure-induced bacterial translocation occurred 2 h later. 
These results support the possibility that some factors released 
from the spleen into the portal circulation might modulate 
circulating macrophages and Kupffer cells. According to the 
hypothesis of Wells et al.'®, submucosal macrophages 
phagocytose enteric bacteria that adhere to the mucus layer or 
invade the impaired intestinal barrier and ‘carry’ them through 
the intestinal wall after which the phagocytes liberate the 
phagocytosed bacteria. Alexander et al.*® recently reported that 
intact large and small enteric bacteria and endotoxin pass 
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directly through morphologically intact enterocytes. It is 
hypothesized?* that overgrowth and colonization of small 
bowel by enteric bacteria in rats with acute liver failure induced 
by 90 per cent hepatectomy results in an increased release of 
endotoxin, promoting endotoxin or bacterial translocation and 
increasing xanthine dehydrogenase or oxidase activity, thereby 
damaging the intestinal mucosal barrier. 

Haemodynamic and hormonal changes cannot be ruled out 
as possible contributory mechanisms explaining bacterial 
translocation induced by acute liver failure. Hypotension in 
patients with fulminant liver failure has been observed*’ as well 
as in rats with 90 per cent hepatectomy-induced acute liver 
failure in the present. study. Haemodynamic changes and 
multiple organ failure following liver failure were related to 
vasodilatation locally increasing intestinal permeability*>. 
Changes in portal vein circulation after 90 per cent hepatectomy 
should be taken into consideration since a reduction in the 
portal run-off occurs after hepatectomy similar to that seen in 
liver cirrhosis. Although the pressure and blood flow in the 
portal vein were not determined in the present study, such 
changes are to be expected. Portal hypertension might result 
in extravasation from intestinal veins and oedema, inducing an 
increase in intestinal permeability. Furthermore, the concen- 
trations of substances such as prostaglandins, various 
gastrointestinal peptides, tumour necrosis factor, y-amino- 
butyric acid and ammonia might also increase and influence 
permeability. 

In conclusion, enteric bacteria, especially Æ. coli, translocated 
to blood and MLNs 2h after 90 per cent hepatectomy and 
increased in blood and organs with time after the operation. 
An overgrowth of E. coli in the small intestine and a decreased 
RES function were noted. Thus, bacterial translocation was 
evident in the early phase of acute liver failure induced by 
90 per cent hepatectomy. 
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Histamine but neither angiotensin 
nor vasopressin increases 
antibody uptake into xenograft 
colorectal liver metastases 


Although the majority of colorectal carcinomas express carcino- 
embryonic antigen (CEA), systemic anti-CEA antibody administration 
is an ineffective treatment for colorectal liver metastasis. A xenograft 
model of human colorectal carcinoma in the rat was used to determine 
anti-CEA antibody uptake into liver metastases. The influence of 
systemic (iliolumbar vein) or regional (gastroduodenal artery) delivery 
and effects of regional delivery of histamine, angiotensin II and 
vasopressin on anti-CEA antibody uptake by metastases were examined. 
Systemic antibody delivery achieved a median tumour: liver antibody 
uptake ratio of 1-60 (interquartile range (i.g.r.) 1-02—2-51). Regional 
delivery resulted in a similar median ratio of 1:61 (i.g.r. 1:22-2:46). 
Histamine and antibody delivered regionally produced a median 
tumour: liver ratio of 3-15 (i.g.r. 2-50-4:27), which was significantly 
greater than that obtained with systemic delivery (P = 0-004). Regional 
infusion of angiotensin resulted in a median (i.g.r.) ratio of 2:23 
(1:58-2:49) and vasopressin in 2:15 (1:41-2:60), values that were not 
significantly different from those found with systemic or regional delivery 
alone. When both angiotensin and histamine were infused with antibody, 
the median tumour: liver ratio was 3-09 (i.q.r. 2:22-4:31), significantly 
greater than for systemic delivery (P = 0-01) but not significantly 
different from that obtained following the addition of histamine alone 
(P = 0-94). Histamine significantly increases antibody uptake in a 
model of liver metastasis and may improve the effectiveness of targeted 


W6 8RF, UK 


Liver metastases develop in approximately 30 per cent of 
patients who undergo curative excision of colorectal carcinoma 
and are present in most whose cancers are incurable at primary 
diagnosis’. Dissemination to extrahepatic sites such as lung 
and bone is frequently by secondary metastasis from deposits 
that have already developed within the liver”. Therefore, control 
of liver metastases, both established and occult, is important 
in colorectal carcinoma. 

Expression of carcinoembryonic antigen (CEA) by the 
majority of colorectal carcinomas? makes antibody-targeted 
treatment attractive. Unfortunately, this approach usually has 
little effect because insufficient antibody is taken up by tumour 
after systemic administration of radiolabelled antibody*. The 
passage of circulating antibody into the extracellular space 
depends on the intravascular dose, capillary permeability*:® 
and tumour blood flow’. The aim of this study was to determine 
the potential for manipulating each of these factors to increase 
tumour antibody uptake in an experimental model. 

First, an increase in intravascular dose was achieved by 
regional delivery of antibody into the hepatic artery, which 
increased the antibody concentration delivered to the tumours. 
Second, histamine® was used to alter capillary permeability. 
Finally, because tumour capillaries are devoid of smooth 
muscle’, the effects of the vasoconstrictor agents angiotensin 
U+? and vasopressin!!, which divert blood flow from normal 
liver to tumour, were studied. 

To examine these approaches a xenograft model of a 
CEA-expressing human colorectal liver metastasis in the rat 
was developed. 


immunotherapy in the treatment of colorectal liver metastasis. 


Materials and methods 


Anti-CEA antibody (A5B7) was labelled with iodine-131 using the 
chloramine T method!?. Genetically immunocompromised PVG 
homozygous nude rats, weight 150-200 g (Department of Comparative 
Biology, Charing Cross and Westminster Medical School, London, 
UK), were maintained in a negative-pressure isolator (Isotec, Bicester, 
UK) and fed on sterile water and solids ad libitum. A total of 10° cells 
from a human colonic cancer cell line (LS174T) in 0-1 ml complete 
medium (Gibco, Uxbridge, UK) were injected subcutaneously into the 
mid-thigh of the hindlimb. Once solid tumours had grown, the tumour 
line was serially passaged. Under general anaesthesia with nitrous oxide 
and halothane (0-0-5 per cent in oxygen) a midline laparotomy incision 
was made and diced fragments of these tumours (mean weight 25 mg) 
implanted into the right lobe of the liver. 

After a tumour growth period of 4 weeks, the animal was 
anaesthetized. The midline incision was reopened to confirm the 
presence of liver tumour and to expose the porta hepatis, 
gastroduodenal artery, hepatic artery and inferior vena cava. Two 
cannulas {Portex 0°6 mm external diameter; Arterial Medical Supplies, 
London, UK) were inserted under direct vision using an operating 
microscope. 

The first (‘venous’ or ‘systemic’ ) cannula was inserted into the right 
iliolumbar vein so that its tip lay at the junction of the iliolumbar vein 
and inferior vena cava, allowing access to the systemic circulation. The 
second (‘arterial’ or ‘regional’) cannula was passed retrogradely into 
the gastroduodenal artery so that its tip lay at the junction with the 
hepatic artery to gain access to the arterial supply of the tumour-bearing 
liver while preserving hepatic artery flow. Arteriography confirmed that 
the entire liver was perfused (Figure 1). 

Antibody infusions were carried out over 1 h. All infusions contained 
40 ug radiolabelled antibody in 0-5 ml phosphate buffer to which was 
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Figure 1 Arteriogram performed through a gastroduodenal artery 
cannula (arrow), All of the liver (L) has filled with contrast supplied via 
the cannula, The kidneys (K) have been filled with excreted contrast 


added 0-5 ml phosphate buffer either unaltered or containing histamine, 
angiotensin, vasopressin or both angiotensin and histamine (all from 
Sigma Chemicals, Poole, UK). In 11 rats anti-CEA antibody was 
delivered into the systemic cannula with an infusion of saline (1 ml) 
delivered regionally. In a further 11 animals antibody was delivered 
regionally and saline systemically. In 34 rats the radiolabelled antibody 
was mixed with either histamine (5 mg/kg; n = 10), angiotensin IT 
(20 ug/kg; n = 12) or vasopressin (10 milliunits/kg; n = 12) and then 
delivered regionally. In a further ten animals the antibody was mixed 
with both angiotensin and histamine at the same dose as above and 
then infused regionally. The solutions of drug and antibody were 
prepared in phosphate buffer at pH 7-4. 

After infusion, the cannulas were removed, carefully preserving flow 
to the tumour-bearing liver, the abdomen was closed and the animal 
allowed to recover. After 48 h, the rat was anaesthetized and the liver 
and tumour excised and weighed. Gamma emissions were measured in 
a well counter (Minaxi AutoGamma 5000; Canberra Packard, 
Pangbourne, UK; well-counter window settings 260-470 keV) to 
determine the ratio of tumour:liver y counts per gram tissue. 

In a separate group of five animals, the tumour:liver ratio was 
measured in multiple tumour samples after regional delivery alone; the 
variation in the y emissions per gram tumour was <6 per cent. 

Data were analysed using Kruskal-Wallis analysis of variance and 
the Mann-Whitney U test. P < 0-05 was considered significant. 


Results 


The tumour: liver ratios of y emissions measured in each group 
are shown in Figure 2. There were significant overall differences 
between the groups (H = 17:3, P = 0004, Kruskal-Wallis 
test). 

Systemic delivery achieved a median tumour:liver ratio of 
1:60 (interquartile range (i.q.r.) 1:02-2:51). Regional delivery 
resulted in a nearly identical ratio of 1:61 (i.q.r. 1:22-2:46) 
(P = 0°82). 

Histamine added to the antibody and delivered regionally 
produced a median tumour: liver ratio of 3-15 (i.q.r. 2-50—4-27), 
significantly greater than that. obtained after regional 
(P = 0-02) and systemic (P = 0-004) delivery alone. The ratios 
obtained after addition of angiotensin I] (median 2:23 (i.q.r. 
1:58-2-49)) or vasopressin (median 2:15 (i.q.r. 1-41-2-60)) 
were not significantly different from that found after systemic 
(angiotensin, P = 0-12; vasopressin, P = 0-31) or regional 
(P = 0:16, P = 0:39) antibody delivery alone. 
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Figure 2 Tumour: liver ratios of y emissions. Bars are medians 


When both angiotensin and histamine were administered 
the median tumour:liver ratio was 3-09 (i.q.r. 2:22-4:31 ). This 
was significantly greater than that found with systemic 
(P = 001) or regional (P = 0-05) antibody delivery but not 
significantly different from that obtained following regional 
administration of antibody with histamine alone (P = 0:94) 


Discussion 

This model of hepatic metastases has several similarities with 
human colorectal metastases to the liver, despite the different 
route of administration of neoplastic cells to the liver. The 
metastases produced derive their blood supply from the hepatic 
artery and appear as pale solid masses in the liver. On 
histological examination they resemble human liver metastases 

Regional administration of radiolabelled antibody did not 
increase the ratio of tumour:liver counts compared with 
systemic delivery. It is known that the first-pass extraction of 
antibodies is low"? and that the advantages of regional delivery 
are greatest where there is a high first-pass extraction'*. Thus 
there appears to be no benefit in regional delivery of antibody 
alone. 

Histamine, which increases capillary permeability in normal 
tissues, approximately doubled the ratio of tumour:liver 
antibody uptake. The mechanism for this might not necessarily 
be a change in capillary permeability. However, a previous 
study showed a similar effect in extrahepatic tumours using 
other capillary permeability agents that have differing 
vasoactive properties’. Therefore, it appears that tumour 
capillaries are susceptible to pharmacologically initiated 
changes in permeability to macromolecules, and that this 
change can increase tumour antibody uptake. 

Administration of angiotensin can increase the tumour: liver 
uptake ratio of low molecular weight agents'®''® that have a 
high first-pass extraction. Angiotensin can also increase the 
uptake of microspheres by colorectal liver metastases!” 
compared with the surrounding normal tissue. Angiotensin 
administered with 5-fluorouracil may prolong survival’ ® 
However, vasoconstrictor agents did not increase the 
tumour: liver antibody uptake ratio in the present study. 

Blood flow changes induced in the liver by angiotensin last 
for only a few minutes'*:?°. This may explain the inability of 
angiotensin or vasopressin to increase antibody uptake and the 
inability of angiotensin to influence the effect of histamine. The 
first-pass extraction of antibodies is low and so transport out 
of the microcirculation is slow. Therefore, a more sustained 
period of flow alteration may be required to increase antibody 
transport from blood to tissue. 

The action of vasoconstrictors is usually related to the 
systemic effects on blood pressure, resulting in vasoconstriction 
in the liver but not in the tumour vessels, which have no smooth 
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muscle. The doses of angiotensin and vasopressin in this study 
were selected to have a local effect without producing 
potentially lethal systemic hypertension. The use of this lower 
dose may explain the lack of a vasoconstrictor-induced effect 
on antibody uptake. 

It has been suggested that a tenfold increase in tumour:liver 
antibody concentration is required for treatment with 
radiolabelled antibody to be effective?', although a threefold 
rise may be sufficient in some patients*. The present study 
shows that regional delivery of histamine with radiolabelled 
anti-CEA antibody doubles the tumour:liver ratio. Regional 
delivery of antibody alone confers no advantage. Vaso- 
constrictor manipulation was ineffective in this study, but if a 
longer period of vasoconstriction could be achieved additional 
improvement in tumour uptake might be possible. 

To date, radiolabelled antibodies cannot achieve sufficient 
concentration in tumour tissue to be useful in treatment. 
Pharmacological manipulation of the tumour circulation could 
be one of the strategies that may make treatment with 
radiolabelled antibodies a realistic proposition. 
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Controlled liver splitting for 
transplantation in two recipients: 
technique, results and perspectives 


A technique of controlled liver splitting for transplantation in two 
recipients is proposed, based on a full anatomical assessment of the 
graft including arteriography and cholangiography on the back-table. 
Using eight livers, 16 patients received a graft: right liver (eight 
patients), left lobe (four) or left liver (four). Twelve patients required 
urgent or very urgent transplantation. Anatomical assessment of the 
graft demonstrated a portal bifurcation in all cases, a common trunk 
of the left and middle hepatic veins in five, a right biliary duplication 
in three and duplication of the left branch of the middle hepatic artery 
in one. After revascularization of the graft, bleeding was greater in 
patients with a right graft, particularly if the middle hepatic vein had 
been ligated. The main postoperative complications were hepatic artery 
thrombosis (four cases), biliary complications (four), portal vein 
thrombosis (two), haematoma (two) and abscess (two). No primary 
non-function of the graft was observed. The postoperative survival rate 
was 75 per cent. The four patients in whom transplantation was not 
considered urgent are still alive. The immediate survival rate of the 
grafts was 69 per cent. These results compare favourably with those in 
the literature. In spite of the technical, logistical and ethical problems 
raised by this technique, the results suggest that controlled liver splitting 
for transplantation in two recipients may in the future significantly 
improve the feasibility of liver transplantation. 


Because of improvement in results, liver transplantation has 
been increasingly offered to patients with severe hepatic disease. 
There is an imbalance between the number of cadaveric liver 
grafts and the number of patients waiting for a transplant. To 
reduce the time that patients have to wait for a graft and the 
consequent risks, it is essential to find more grafts. 

After the description’? and successful development*~* of 
techniques of volume reduction of liver grafts from adults for 
transplantation in children, it appeared that, in some cases, the 
right part of the graft could perhaps be retained for another 
recipient. The initial attempt to treat two recipients with one 
donor organ was made by Pichlmayr et al.’. In the first reported 
series*-'° the graft survival rate was disappointingly low. 
Assuming that several postoperative complications might be 
related to undetected anatomical variations, two of the present 
authors performed a detailed anatomical study and proposed 
a technique of controlled liver splitting!'. Opacification of the 
arterial and biliary trees allows identification of numerous 
possible anatomical variations. This led to the first successful 
clinical application of this technique in two children'*. The 
technical aspects, surgical complications and overall results of 
a series of 16 patients who received a graft after controlled liver 
splitting are now reported. 


Patients and methods 


Eight livers from heart-beating cadaveric donors underwent controlled 
liver splitting and were grafted into 16 recipients. Seven controlled liver 
splitting operations and 14 transplantations were performed at Cochin 


Hospital by one surgeon (D.H.). One operation and the two’ 


corresponding transplantations were carried out using the same 
technique at Edouard Herriot Hospital by another surgeon (O.B.). 
Fourteen recipients received primary transplants. 


Recipients 
The main characteristics of the recipients are shown in Table 1. There 
were ten children and six adults. 
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In four cases, both recipients were in a very precarious condition: 
at least one of the two recipients was in the France-Transplant 
‘superurgent’ category because of fulminant hepatitis or early failure 
of a first graft. 

In the four other procedures the need for transplantation in one of 
the recipients was not urgent but the patient had reached first position 
on the France-Transplant waiting list, whereas the second recipient 
required rapid transplantation for recently diagnosed end-stage chronic 
liver disease. According to the France-Transplant ‘first come, first 
served’ rule which, apart from the superurgent category, was operating 
at that time for all recipients, the graft was specifically attributed to 
the non-urgent patient who was in first position on the list. This 
opportunity was taken to offer liver transplantation to the additional 
four patients in urgent need because of end-stage chronic liver disease. 
All patients or their guardians gave informed consent to the use of liver 
obtained by controlled splitting. 


Working organization 

Work started early in the day. Patient A, to whom the graft was 
specifically attributed, was the first to enter the operating room (A). 
While a first surgical team (A) began the operation, the feasibility of 
controlled liver splitting was assessed in operating room B by the senior 
surgeon. When splitting was complete, patient B entered operating 
room B and the operation was started by surgical team B after 
revascularization of the graft in patient A. Removal of the diseased 
liver in patient B was performed only after the main vascular steps had 
been achieved in patient A. 


Anatomical assessment of grafts and surgical technique of controlled 
liver splitting 

The first step was identification of the bifurcation of the portal vein by 
dissection of the posterior wall of the main portal vein. Next the hepatic 
veins were inspected and probed (step 2). The common bile duct was 
opacified (step 3) on the back-table by injection of a few drops of 
amidotrizoate (Radioselectan; Schering, Paris, France) contrast 
medium at 4°C into the bile duct. Opacification was limited to the 
first- and second-order branches. The contrast was then immediately 
flushed out with cold University of Wisconsin (UW) solution. In step 
4, a few millilitres of the same contrast medium were injected into the 


76 


Controlled liver splitting: D. Houssin et al. 


Table 1 Details of the eight pairs* of recipients 








Patient Age Body-weight Status before Urgency of Date of 

no. (years) Sex (kg) Liver disease transplantation transplantation transplantation 

1A 3 F 13 Biliary atresia At home Not urgent } 

1B 13 M 3 Byler’s disease In hospital Urgent 26: March 1330 

2A 1 M 10 Primary graft non-function In ICU Very urgent } a 

2B 46 F 77 Posthepatitis cirrhosis In ICU Urgent 3 October 1990 

3A 9 M 19 Alagille syndrome At home Not urgent } j 

3B 46 M D Posthepatitis C cirrhosis In ICU ‘Urgent Leanna 1931 

4A 10 M 30 Fulminant Wilson’s disease In ICU Very urgent } 

4B 1 M 9 Hepatic artery and portal vein In ICU Very urgent 11 February 1991 
thrombosis of first graft 

5A 14 F 50 Fulminant Wilson’s disease In ICU Very urgent 15 March 1991 

5B 42 F 65 Posthepatitis B and 6 cirrhosis In hospital Urgent 

6A 40 F 86 Autoimmune hepatitis At home Not urgent } 7 June 1991 

6B 13 M 21 Sclerosing cholangitis In ICU Very urgent 

TA 40 M 67 Sclerosing cholangitis At home ` Not urgent } 

TB 2 M 16 a,-antitrypsin deficiency In hospital Very urgent 27 September 1991 

8A 8 M 25 Fulminant hepatitis In ICU Very urgent 

8B 48 F 78 Fulminant hepatitis (mushroom) In ICU Very urgent } 13 November 1991 





ICU, intensive care unit, *In each pair the first patient is the one to whom the graft was initially given 


Table 2 Anatomical assessment of eight liver allografts before splitting and transplantation in 16 recipients after variable cold ischaemia times 








g Anatomical assessment of donor liver Recipients* 
Donor i Cold 
CLS body-weight Portal vein Left and right Body-weight Type of ischaemia 

no. (kg) Hepatic veins bifurcation — - bile ducts Hepatic artery No. (kg) graftt time 
if 80 Common trunk of MHV Present No duplication Middle hepatic artery, 1A 13 Right liver 7h45 min 
and LHV left duplication 1B 33 Left lobe 14h30 min 

2 75 Separate MHV and Present Right duplication Middle hepatic artery, 2A 10 Left lobe 6h 

LHY no duplication 2B TT Right liver 14h 

3 70 Common trunk of MHV Present Right duplication Right hepatic artery, 3A 19 Left liver oh 
and LHV no duplication 3B 70 Right liver 19445 min 

4 55 Separate MHV and Present Right duplication Middle and left hepatic 4A 30 Right liver 8h 
LHV arteries, no duplication 4B 9 Left lobe 10h 30min 

5 73 Common trunk of MHV Present No duplication Middle hepatic artery, . SA 50 Left liver lih 
ma and LHV no duplication 5B 65 Right liver 17h45min 

6 70 Common trunk of MHV Present No duplication Middle hepatic artery, 6A 86 Right liver 15h 

and LHV no duplication 6B 21 Left liver 19h 

7 65 Common trunk of MHV Present No duplication Middle hepatic artery, TA 67 Right liver 13h 
and LHV no duplication TB 16 Left lobe 15h30min 
8 65 Separate MHV and Present No duplication Middle hepatic artery, 8A 25 Left Uver 7h 30 min 
LHV i no duplication 8B 78 Right liver 13h 30min 





MHV, middle hepatic vein; LHV, left hepatic vein. *In each pair the first patient is the one to whom the graft was initially given. t Right liver: segments V, VI, VII 
and VII; left lobe: segments II and II; left liver: segments II, I and IV 


artery for opacification of the first- and second-order arterial branches 
and then immediately flushed out using cold UW solution. 

Shaping of the grafts (step 5) was carried out on the back-table by 
transecting the parenchyma with a forceps. Haemostasis and biliostasis 
of the transected areas were completed with 5 ml biological glue (Biocol; 
Biotransfusion, Lille, France). 


Transplantation technique, postoperative care and assessment of results 
All grafts were protected from ischaemia using UW solution and 
transplanted orthotopically. The inferior vena cava was retained in 
recipients of the left graft. During operation, the amount of bleeding 
„after revascularization of the graft was calculated from the volume of 
allogeneic and autologous red blood cells transfused during the 
postanhepatic phase of transplantation. Standard immunosuppression 
was instituted after operation using cyclosporin and steroids. The type 
and number of postoperative surgical complications were recorded, as 
well as graft rejection, graft survival and patient survival rates. 
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Results 


Anatomical assessment of the grafts and controlled liver” 
splitting (Table 2) (Figure 1) 

Step I. A portal vein bifurcation was present in all eight 
cases. In seven the main portal vein was retained with the left 
graft, to bridge more easily the greater distance to the recipient’s 
portal vein that results from the necessary rotation of the left 
graft to the right. In one case (CLS6) the portal vein was 
retained with the right graft because of a thrombosis of the 
recipient’s portal vein that required thrombectomy and 
tailoring of the vein. 


Step 2. In five cases there was a short common trunk of the 
middle and left hepatic veins. In CLS3, a large branch from 
segment VIII ended in the middle hepatic vein; in CLS6, a 
large branch from segment IV ended in a small middle hepatic 
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Figure 1 Controlled liver splitting. a When a common trunk is found between left and middle hepatic veins, the middle hepatic vein, retained with the 
right graft, is anastomosed to the inferior vena cava, as in CLS7. b When cholangiography has shown a right biliary duplication, the bile duct is probed 
and the left hepatic duct divided, as in CLS2. c When arteriography has shown a unique left and right hepatic artery, the common hepatic artery is 
retained with the left graft to bridge the gap created by rotation of the graft to the right in the recipient, as in CLS2 


vein. The common trunk was retained with the left hepatic vein. 
The end of the middle hepatic vein was sutured in four cases 
(CLS1, CLS3, CLS5, CLS6), whereas in one (CLS7) it was 
anastomosed to the vena cava taken along with the graft after 
limited mobilization of the end of the middle hepatic vein from 
the surrounding parenchyma. 

In the three other cases (CLS2, CLS4, CLS8) the ends of 
the middle and left hepatic veins were separate. Thus, on the 
right graft the middle hepatic vein was in continuity with the 
vena cava and the caval orifice of the left hepatic vein was 
sutured. 


Step 3. In five cases (CLS1, CLS5, CLS6, CLS7, CLS8) a 
single duct was found on the right and left. Attribution of the 
, Short segment of common hepatic duct was by the surgeon’s 
preference: to the right graft in three cases (CLS5, CLS7, CLS8 ) 
and to the left graft in two (CLS1, CLS6). 

In three cases (CLS2, CLS3, CLS4) a duplication of the 
right bile duct was found. To avoid a double biliary anastomosis 
on the right graft, the end of the left hepatic duct was cut and 
the short segment of common hepatic duct retained with the 
right graft. : 

Division of the right or left bile duct was carried out after 
the parenchymal transection, without dissection into the liver 
hilum, the duct being located by a smooth probe before its 
section. 


Step 4. In six cases a single middle hepatic artery was found. 
In five (CLS2, CLSS, CLS6, CLS7, CLS8) it had a single branch 
on the right and left; in four (CLS2, CLS5, CLS6, CLS8) the 
proper hepatic artery of the donor was retained with the left 
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graft to bridge the distance from the stump of the recipient’s 
hepatic artery. In one case (CLS7) the proper hepatic artery 
was allocated to the right graft to favour the recipient, who 
was undergoing transplantation electively. In the final case 
(CLS1) duplication of the left branch of the middle hepatic 
artery was found. The proper hepatic artery was retained with 
the left graft to avoid a precarious double arterial anastomosis 
on the left. 

In two cases two hepatic arteries were found: in one (CLS3) 
a middle hepatic artery feeding the left liver, which was kept 
with the left graft, and a right hepatic artery coming from the 
superior mesenteric artery feeding the right liver, which was 
retained with the right graft; in the other (CLS4) a middle 
hepatic artery going to the right liver and segment IV was 
retained with the right graft, while a left hepatic artery coming 
from the left gastric artery, feeding the left lobe, was kept with 
the left graft. 


Step 5. In four cases (CLS3, CLS5, CLS6, CLS8) segment 
IV was kept with the left graft. In the other four (CLS1, CLS2, 
CLS4, CLS7) resection of segment IV from the left graft was 
indicated because of the small size of the recipient. In no case 
was it necessary to remove segment IV from the left graft to 
solve the difficulty created by left arterial or biliary duplication 
with a distribution such that one branch is for segments II and 
NI and the other for segment IV!!. Segment I was always 
removed because of uncertainty regarding the origin ofits portal 
veins and arteries and the end of its bile ducts. 


Transplantation technique 
In 14 cases the portal vein of the graft was anastomosed to the 
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main portal vein of the recipient, in one (patient 6A) after 
thrombectomy of a portal vein thrombosis. In one case (patient 
4B), because of an early arterial and portal vein thrombosis 
following a first liver graft and because of the very small calibre 
of the portal, superior mesenteric and splenic veins, the main 
portal vein taken with the left lobe graft was anastomosed end 
to end with the suprarenal inferior vena cava of the recipient. 
In another case (patient 6B) the main portal vein taken with 
the left graft was anastomosed to the right portal branch of the 
recipient. 

In 14 cases the hepatic artery of the graft was anastomosed 
end to end to the hepatic artery of the recipient. In two cases 
an arterial graft was interposed between the hepatic artery of 
the graft and the hepatic artery (patient 5B) or infrarenal aorta 
(patient 3A) of the recipient. 

In 13 cases the biliary reconstruction was to a Roux-en-Y 
jejunal loop. In three cases (patients 2B, 5B, 8B) the 
. reconstruction was an end-to-end choledochocholedochal 
anastomosis with a T tube. 


Anaesthesia, operative and cold ischaemia times 

The mean anaesthesia time for both operations was 18 h 45 min 
(range 13-28 h). The mean operative time for both procedures 
was 16 h 30 min (range 11 h 45 min to 25 h 45 min). The mean 


cold ischaemia time was 12h (range 6h to 19h 45 min) 
(Table 2). 


Intraoperative haemorrhage after graft revascularization 
(Table 3) . 
The mean(s.d.) volume of red blood cells transfused during the 
postanhepatic phase was 45-8(60-8) (range 0—195-7) ml/kg. 

In patients with a right graft the mean transfusion 
requirement was 69-6 (range 0-195-7) ml/kg. Bleeding was ` 
> 100 ml/kg in two cases (patients 1B and 3B) in which the 
end of the middle hepatic vein of the graft had been sutured. 
This represented 65 and 82 per cent of the total intraoperative 
volume of transfusion, respectively, and was accompanied by 
congestion of the left and anterior side of segment V. In two 
other cases (patients 5B and 8B) bleeding was between 50 and 
100 ml/kg. In one patient (5B), in whom the end of the middle 
hepatic vein of the graft had been sutured, bleeding was from 
the transected area, whereas in the other it was predominantly 
from the anastomotic sites. In the four other right grafts 
bleeding was moderate or absent. The middle hepatic vein was 
not interrupted in three and had been interrupted in one case 
(patient 6A), but in this liver it was small and received a large 
branch from segment IV. 

In patients with a left graft the mean volume of red blood 


Table 3 Intraoperative bleeding during the postanhepatic phase, postoperative complications and graft and patient survival in 16 recipients of an 


allograft obtained by controlled liver splitting 








Red blood cell 
transfusion in Primary Hepatic 
Patient postanhepatic graft artery Biliary 
no. phase (ml/kg) dysfunction thrombosis complication Reoperation* Rejection Retransplantationf Patient outcome 
IA 323 - + — + - — Alive and weli 
(day 3) (arterial 
thrombectomy (1)) 
iB 1894 — - - — — - Alive and well 
2A 25-0 - - — - + — Alive, awaiting regrafting 
(severe, 
chronic) 
2B 9-1 - - — - _ - Alive and well 
3A 0 _ - + + - - Alive and well 
(reanastomosis 
for bile leak (1)) 
3B 195-7 + - + + = - Alive and well 
(haematoma (1), 
reanastomosis 
for bile leak (2)) 
4A 15-8 7 + + - + + Alive and well 
(day 30) {ischaemic (moderate, (ischaemic 
cholangitis) acute) cholangitis) 
4B 33-3 - + - - _ + . Died on day 5 (necrosis of 
(day 1) (graft necrosis)  - third graft) 
5A 150 - _ - - + — Alive and well 
(moderate, 
acute) 
5B 52:3 ~ - - + — _ Alive and well 
(haematoma (1))} 
6A 17-4 ~ -= — - + - Alive and well 
(severe, acute) 
6B 476 - - - - - — Died on day 23 
(multiorgan failure) 
7A 0 - - + + - - Alive and well 
(anastomotic (abscess (2)) 
bile leak 
7B 78 - _ — - _ - Died on day 5 (brain 
haemorrhage) 
8A 148 - + E ~ _ ~ Alive and well 
(day 29) 
8B T774 — - = oe Ši i 


*Type of operation and number are given in parentheses; tindication in parentheses 


Died on day | (brain 
death) 
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cells transfused during the postanhepatic phase was 21-9 (range 


0--47-6) ml/kg. 


Main postoperative surgical complications (Table 3) 


Primary graft dysfunction was observed in one patient (3B). 
This liver had the longest cold ischaemia time and the heaviest 
bleeding after revascularization. Liver function improved from 
day 6 after operation. In the recipient of the corresponding left 
graft (patient 3A) postoperative recovery of liver function was 
normal. 

Hepatic artery thrombosis was observed in four patients in 
this series (25 per cent). In the first case (patient 1A ) thrombosis 
was diagnosed on day 3 by routine daily Doppler ultra- 


sonography. An emergency reoperation was performed to ' 


remove the clot, to infuse urokinase into the hepatic artery 
and to refashion the anastomosis. Control intraoperative 
angiography showed patency of the small intrahepatic arterial 
branches. The subsequent course was uneventful. In the second 
case (patient 4A), because of a recent increase in the serum 
transaminase level with a normal Doppler signal, liver biopsy 
was carried out on day 28 after an injection of vasopressin. 
Histological examination showed moderate rejection. On the 
following day control Doppler ultrasonography suggested 
hepatic artery thrombosis, which was confirmed at angiography. 
Progressive ischaemic cholangitis led to retransplantation 3 
months after the first transplantation. E 

In the third case (patient 4B) control Doppler ultra- 
sonography showed recurrent thrombosis of the hepatic artery 
and portal vein anastomoses on day 1 which was confirmed 
by angiography. A third graft placed 2 days later was followed 
by early fatal thrombosis of the hepatic artery and portal vein. 
In the fourth patient (8A ) a diminished arterial Doppler signal 
led to angiographic demonstration of stenosis of the arterial 
anastomosis. Because of severe neurological impairment, 
reoperation was not attempted. Despite heparin therapy, 
thrombosis occurred on day 29, confirmed by angiography. 
This patient remained asymptomatic. Neurological status 
improved and the child is now alive and well with normal 
biochemical liver test results. 

One case of portal vein thrombosis (patient 4B) was 
reported above in association with hepatic artery thrombosis. 
In a second patient (6B) the postoperative course was 
dominated by bleeding from a gastric ulcer and progressive 
multiorgan failure. Whereas findings at previous examinations 
had been normal, premortem Doppler ultrasonography 22 days 
after grafting showed suspected thrombosis of the portal vein. 
Angiography was not carried out. The patient died a few hours 
later. 

Biliary complications were observed in four patients 
(25 per cent) and required reoperation. An external bile leak 
followed by anastomotic stenosis (patient 3B) required 
refashioning of the hepaticojejunal anastomosis. Biliary 
peritonitis (patient 3A) required repeat choledochojejunal and 
jejunojejunal ‘anastomoses. One patient with ischaemic 
cholangitis was described above. The fourth patient (7A) had 
a transient external biliary fistula (see below). 

A haematoma on the cut surface of the liver required 
reoperation in two patients (3B and 5B) on days 10 and 14 
respectively. Another patient (7A) underwent reoperations 11 
and 22 days after grafting for an abscess related to a small 
biliary anastomotic leak which closed spontaneously. 


Rejection, and patient and graft survival 

Three patients had an acute rejection crisis. This was followed 
in one patient (2A) by the disappearance of small intrahepatic 
bile ducts. 

The postoperative patient survival rate was 75 per cent. 
Four patients died: patient 4B died on day 5 from early 
recurrent thrombosis of the hepatic artery and portal vein of 
a third graft; patient 6B died on day 23 from multiorgan failure; 
patient 7B died on day 5 from brain haemorrhage; and patient 
8B suffered brain death related to cerebral oedema a few hours 
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after transplantation. The survival rate was 100 per cent in the 
four patients receiving non-urgent transplants and 67 per cent 
in the six who underwent transplantation for acute liver 
necrosis. The postoperative survival rate was also 67 per cent 
in the six patients in hospital or intensive care with end-stage 
chronic liver disease. 

_ The immediate graft survival rate was 69 per cent (11 of 
16); in addition to the four patients who died, one patient (4A) 
underwent retransplantation for ischaemic cholangitis. Another 
(2A) is awaiting retransplantation for chronic rejection. 


Discussion 


This study has shown that the asia of controlled liver 
splitting for transplantation in two recipients could be an 
acceptable method for increasing the number of liver allografts, 
This technique, which is based on all the major anatomical 
elements of the graft (size of the lobes; ends of hepatic veins; 
bifurcation of the portal vein; number, origins and destinations 
of bile ducts and hepatic arteries), includes cholangiography 
and arteriography on the back-table. Its safety relies in part 
on the precise recognition of anatomical variations and tailoring 
of the partition to them’*?. 

Portal vein bifurcation was present in all eight livers. Its ` 
absenct is a rare ‘anomaly, with a frequency of less than 
1 per cent'?; when present this would contraindicate the 
partition: 

We suspect that, to avoid major bleeding from the raw. 
surface of the right graft, the patency of the middle hepatic 
vein, which is kept with it, must be ensured. Probably because 
of anastomotic veins between right and middie hepatic 
veins'*~!°, surgical ligation of such a main vein is well 
tolerated'7:1®, However, the increased venous pressure can be 
a source of major bleeding. Thus, in the present series, bleeding 
from the transected surface of the right graft appeared greater 
when the middle hepatic vein kept with the graft had been 
ligated at its end. This risk is probably significant when the 
middle hepatic’ vein drains a large territory of the right liver, 
which occurs in 36 per cent of cases!®. For this reason, when 
there isa common trunk of the left and middle hepatic veins 
which requires ‘section of the end of the middle hepatic vein, 
this end should be implanted directly or indirectly into the vena 
cava. 

Without dissection of the liver hilum, three right biliary 
duplications were detected. This is the commonest biliary 
variation and occurs in 44 per cent of cases!!. Dissection carries 
a risk of injury to the thin vascular sheath of the bile duct wall, 
with.subsequent risk of ischaemia. To avoid such dissection, 
cholangiography is required to detect duplication of the right 
main duct. In these cases the residual common duct is retained 
with thé right liver to avoid a double biliary anastomosis with 
its additional risk. 

Duplication of the left branch of the middle hepatic artery, 
as found: in one of ‘the present cases, is observed in 
approximately 26 per cent of livers. In this case (CLS1 ), because 
of its small calibre, the duplicated artery supplying segment II 
could easily have been cut during dissection, leading to 
ischaemia of a part of the liver graft or requiring an additional 
precarious microanastomosis. Arteriography of the graft is 
essential to identify such variations. 

In this short series, the high incidence of hepatic artery 
thrombosis raises the possibility that arteriography on the 
back-table is a predisposing factor. It could be argued in one 
case (patient 4A) that thrombosis was probably caused by 
injection of vasopressin and in another (4B) that some 
unrecognized thrombotic factor may have been involved since, 
in this child, all six attempts at ensuring portal or arterial blood 
flow to the liver graft failed. However, we suspect that injecting 
a potentially irritating contrast medium into the artery may 
have played a role even though it was thoroughly washed out 
immediately after opacification. Nevertheless, the use of a more ` 
dilute solution or a less irritating neuroradiological contrast 
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medium might be preferable?°. The small calibre of the hepatic 
artery on one of the two grafts could be another reason for the 
thrombosis, but two of the four thromboses occurred with left 
grafts on which the proper hepatic artery had been kept and 
which therefore did not differ in this respect from a reduced-size 
hepatic graft, in which the rate of hepatic artery thrombosis is 
5 per cent in the experience of the present authors®. 

The disappointing results initially reported with split liver 
transplantation’~*:?!:2? led Broelsch et al. to conclude that this 
technique is not safe enough to be pursued and to look for 
other methods to improve the feasibility of transplantation!®. 
When analysed according to the preoperative status of the 
patients, the present results appear more encouraging. In spite 
of prolonged ischaemia time, primary non-function of a graft 
was not observed. Necrosis of segment IV®? was avoided by 
a policy never to keep this segment with the right graft. 

Controlled liver splitting for transplantation in two 
recipients causes logistical problems for the medical institution. 
To minimize night-time work and limit the cold ischaemia time 
to <20h, simultaneous access to two operating theatres and 
participation of two anaesthetic and surgical teams are essential. 

Controlled liver splitting for transplantation in two 
recipients also raises new ethical problems, similar to those 
„raised by the conflict between individual medical benefit and 
the rational management of limited resources. If there is a risk 
related to controlled liver splitting, should it be shared between 


the two recipients or should one recipient be favoured and, if > 


so, which? It was felt that the first option was preferable. Use 
of the second liver graft would be unethical if this graft was 
always deprived of the main portal vein, the proper hepatic 
artery and the remaining segment of the common bile duct, 
whatever the anatomical situation. For this purpose, if one of 
the two grafts is to be sent to another transplant centre, early 
and close links between donor and recipient teams should 
enable the inclusion of such recipient-specific factors as 
body-weight and patency of the portal vein in the decision 
concerning the exact technique of splitting. Even if it is 
desirable?>, allocation of the liver graft generated by partition 
of the donor liver strictly according to the guidelines of the 
network for organ sharing is not yet possible. However, in the 
same way as retrieval of the liver has been progressively 
expanded to centres in which donor operations were limited to 
kidney removal, sharing a liver between two recipients may in 
the future be imposed by the shortage of grafts. For all these 
reasons, it seems that precise technical guidelines for the 
performance of liver splitting for transplantation in two 
recipients are invaluable. 
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Portal vein thrombosis (PVT) may occur as a cause!? or 
consequence of portal hypertension as a result of slowed blood 
flow, increased hepatic resistance or the presence of a 
hepatocellular tumour at the hepatic hilum?~. 

Recurrence of PVT after transplantation occurs as a result 
of poor surgical technique (kinking or stretching of the vessels) 
which can result in decreased blood flow”®, or secondarily to 
microbial infection and, less frequently, immunosuppressive 
therapy’. 

PVT constituted an absolute contraindication to orthotopic 
liver transplantation (OLT)?° until success was reported with 
thrombectomy or anastomosis between the donor portal vein 
and the recipient superior mesenteric! '+!? or left gastric!® vein. 

At this institution, evidence of PVT has never been a 
contraindication to OLT, first because techniques are now 
available to restore portal flow and perfuse the graft (removal 
of thrombus, resection of the portal vein, venous graft) and 
second because OLT constitutes the only valid therapeutic 
option that can be offered to those severely ill patients who 
would otherwise die within a short period of time. PVT was 
present in 14 of 174 patients undergoing OLT between April 
1986 and April 1991. 

Although it is already known that OLT is feasible in patients 
with PVT, the aim of this study was to confirm that the 
operation is beneficial in these circumstances. 


Patients and methods 


Of 195 OLTs performed in 174 patients at this institution, in 14 there 
was preoperative PVT. Diagnosis was reached by Doppler 
ultrasonography in five cases and confirmed by splenoportal 
arteriography and superior mesenteric venography. In the remaining 
nine patients, preoperative studies undertaken when the recipients were 
entered on to the waiting list for OLT had indicated normal flow and 
diameter of the portal, splenic and superior mesenteric veins, but PVT 
was found at laparotomy 2-3-5 months later. 

Eleven patients were male and ages ranged from 36 to 60 years. 
The indication for transplantation was alcoholic cirrhosis in six patients, 
cryptogenic cirrhosis in five, primary biliary cirrhosis in one, 
posthepatitis B virus cirrhosis in one and autoimmune cirrhosis in one. 
Ten patients suffered ascites, estimated at 4-16 litres. Malnutrition was 
present in eight patients, jaundice in seven and severe bleeding diathesis 
(prothrombin activity <40 per cent, fibrinogen level <150 mg/dl and 
platelet count <70 x 10°/1)in 11. All patients were classified as Child’s 
grade C. 
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Fourteen cases are presented of preoperative portal vein thrombosis 
complicating orthotopic liver transplantation from an experience of 195 
transplants carried out between April 1986 and April 1991. In four 
patients who suffered rethrombosis of the portal vein, the mortality rate 
was 100 per cent from various causes. Overall there were six deaths; 
two of those who died had a patent portal vein at death. Three patients 
underwent retransplantation: one for primary non-function, two for 
rejection. It is concluded that: (1) portal vein thrombosis should not 
represent an absolute contraindication to liver transplantation; (2) 
preoperative screening of prospective transplant recipients for portal 
thrombosis should be routine; (3) postoperative anticoagulation therapy 
and periodic Doppler ultrasonographic assessment of portal vein flow 
are important elements of post-transplant management; and (4) with 
thrombectomy and portal vein resection an end-to-end portal 
anastomosis may be performed with good results. 


The patients had suffered from two to six haemorrhagic episodes, 
treated in all cases by endoscopic sclerotherapy (from two to five 
sessions of intravenous and perivenous sclerotherapy). Nine patients 
had had episodes of encephalopathy, with signs that this was chronic 
in five. One patient with alcoholic cirrhosis (no. 8) was positive for 
hepatitis B virus surface antigen. 

The waiting period between diagnosis and transplantation varied 
from 2 weeks to 4 months 2 days (mean 3 months 20 days). Hospital 
admissions during this waiting period included four patients with 
gastrointestinal haemorrhage, two with encephalopathy and three with 
ascites. Seven patients suffered chronic renal insufficiency but none 
required dialysis. 

The protocol for post-transplant care included repeated study of 
vascular patency by Doppler ultrasonography; this was also performed 
when laboratory parameters of hepatic function were sufficiently 
altered. Only when ultrasonography gave inconclusive results (patient 
12) or could not be performed (patient 5) was arteriography carried 
out to evaluate portal patency in the venous phase. Previous 
experience!* has shown that the final diagnosis of vascular patency is 
the same using Doppler ultrasonography and arteriography, which has 
been replaced by the former in this institution. 

The surgical approach was by bilateral subcostal laparotomy in 
two patients and an oblique incision with a central extension in the 
supraumbilical midline in the remaining 12. 

Severe portal vein hypertension was evident in all patients, with 
abundant dilated venous collaterals in the hepatoduodenal ligament, 
especially over the surface of the common and accessory bile ducts. 
After division of the branches of the hepatic artery and the common 
hepatic duct distal to the confluence of the hepatic ducts, the presence 
of PVT was confirmed by dissection of the portal vein to the confluence 
of the splenic, superior mesenteric and coronary gastric veins. 

Total obstruction of the portal vein was found in 11 patients, 
75 per cent occlusion in one and 50 per cent occlusion in the remaining 
two (Table 1). 

The portal vein was cut proximal to its bifurcation in all patients, 
providing further confirmation of PVT, with minimal] bleeding in the 
three patients with partial obstruction and none in the 11 with total 
occlusion. 

Thrombectomy was performed in 13 patients, to remove the 
occluding thrombus (always white and organized ) from the portal vein. 
A completely occlusive thrombus had extended into the splenic vein 
alone in three patients and into both the splenic and superior mesenteric 
veins in two; it was extracted in two to four pieces in five patients and 
in multiple fragments in the other eight. Retrograde dilatation was 
necessary using a gallstone forceps or Fogarty catheter in all patients, 
followed by introduction of heparinized saline solution, which was 
retained for several minutes. These procedures were repeated if 
necessary until good blood flow was obtained from the portal vein; a 
cell saver was used during operation in one case. One patient (no. 12) 
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Table 1 Operative details of patients with portal vein thrombosis and current status of the portal vein 








Patient Transplant Extent of Extracorporeal Preserving 
no. no. thrombosis* venous bypass solution Venous anastomosis Portal status 
l 43 PV (SV-SMV) Yes Collins PV-SV, PV Thrombosed 
2 51 PV¥-SV Yes Collins PV-LGV Thrombosed 
3 66, 73, 74 PV-SV-SMV Yes Collins PV-SV, SMV Patent 
4 87 PV-(SMV) Yes Collins PV-SV, LGV Patent 
5 94 PV (SMV) Yes Collins PV~PV Thrombosed 
6 102, 103 PV-SV Yes Collins PV~-SV, SMV Patent 
1 116, 138 (PV) (50%) No Belzer PV-PV Patent 
8 119 (PV) (75%) No Belzer PV-PV, SMV Patent 
9 120 PV-SV No Belzer PV-PV, SMV Patent 
10 121 PV-(SMV) . No Belzer PV~PV Patent 
11 132 PV~(SV-SMV) No Belzer PV-SMV-SV Patent 
12 151 PV-SV-SMV No Belzer PV-SMVt Thrombosed 
(internal jugular 
vein graft) 
13 161 PV (SV-SMV) No Belzer PV-SV, SMV Patent 
14 ; 169 (PV) (50%) No Belzer PV-PV Patent 





PY, portal vein; SV, splenic vein; SMV, superior mesenteric vein; LGV, left gastric vein. * Parentheses indicate partial occlusion; f patient remained 
comatose after operation but retained good hepatic function — autopsy 3-5 months after transplant revealed portal vein thrombosis 


had complete thrombosis of the portal, splenic and superior mesenteric 
veins. 

The donor liver was perfused with Hartmann’s solution 
(precooling) and Collins’ solution (cooling) in six patients. In eight 
cases, Belzer’s solution was perfused through the portal vein (1:5-2 
litres) and the abdominal aorta (1-5—2 litres) (Table 1), 

Extracorporeal venovenous bypass (portal—femoral—axillary circuit) 
was used in six patients. No bypass was used: in the last eight patients 
after introduction of a new surgical protocol, established after 
transplant no. 104, which called for the use of bypass only if serious 
haemodynamic changes resulted from vascular clamping of the portal 
vein and hepatic artery. 

The portal vein was resected to the level of the left coronary vein 
in 11 patients; this resection was extended to the union of the splenic 
and-superior mesenteric veins in two. In the remaining patient the 
portal vein had been transformed into a fibrous cord in which it was 
impossible to re-establish a lumen. For this reason, after division of 
the splenic and infrapancreatic superior mesenteric veins to confirm 
obstruction, the venous trunk was further dissected to the confluence 
of the first jejunal veins and the ileocolic vein. The vein was divided 
at this point and anastomosis performed between this confluence and 
a left internal jugular vein graft, the proximal end of which was 
anastomosed to the portal vein of the liver graft. 

From the descriptions above, the extent of PVT may be classified 
as: (1) partial (three patients — 50 per cent in two, 75 per centin one); 
(2) total, with laminar thrombosis of the superior mesenteric vein (three 
patients); (3) total, associated with partial Denie and superior 
mesenteric vein thrombosis (three patients );-(4) total, associated with 
total splenic and superior mesenteric vein thrombosis (one patient); 
(5) total, associated with total splenic vein thrombosis (three patients); 
and (6) total thrombosis of the portal, superior mesenteric and splenic 
veins with extension to the trunk of the jejunal and ileocolic veins (one 
patient) (Table 1). 


Results 

Tolerance of infrahepatic vein clamping 

Occlusion of the inferior vena cava before removal of the 
recipient liver reduced the arterial pressure by 20-40 (mean 
27-0) mmHg and the central venous pressure by 3—6 (mean 


4-2) mmHg. Both parameters returned to nearly normal levels 
after rapid blood transfusion. 


Perioperative blood loss 

Blood loss during operation was estimated to be from 3 to 17 
(mean 7-5, median 5) units. Very small differences were found 
between patients treated during the anhepatic phase with or 
without portofemoroaxillary bypass. Using bypass the blood 
loss increased (mean 9-0, median 8 units). 


Patency of the portal anastomosis 
Four patients were found to have PVT between 7 days and 2 
months after OLT. In one (patient 5), PVT had been suspected 
from an abrupt rise in the level of bilirubin and transaminases, 
and deterioration of coagulation factors on day 5 after 
operation; because Doppler ultrasonography could not be 
performed, portal venography and hepatic arteriography were 
used to show vessel patency. However, 24h later laboratory 
parameters revealed severe deterioration and the patient died 
in liver failure shortly afterwards, awaiting retransplantation. 
Autopsy revealed the existence of an extensive red thrombus 
in the portal vein and superior mesenteric vein and its branches. 

The patient who received the jugular vein graft between the 
portal vein of the liver graft and the jejunal and ileocolic veins 
(patient 12) showed reduced blood flow on ultrasonography 1 
month after transplant; arteriography revealed a significant 
reduction in flow consistent with laminar thrombosis. Autopsy 
findings more than 2 months after transplant confirmed the 
presence of extensive portal and mesenteric thrombosis. 

In the remaining ten patients, portal vein patency was 
confirmed by various ultrasonographic studies throughout the 
postoperative course. 


Laboratory parameters of hepatic function 


Only two of four patients with postoperative PVT demons- 
trated laboratory abnormalities a short time before the 
thrombosis was shown (nos 2 and 5). In patient 2, there was 
no doubt about the-relationship between PVT and hepatic 
necrosis, as shown by raised levels of hepatic transaminases 
(Figure 1), because PVT was the only final diagnosis and 
hepatic arterial flow was normal. This relationship was less 
clear in patient 5, in whom digital angiography showed 
continued portal vein patency 2 days after the rise in 
concentration of liver enzymes (Figure 2). However, the patient 
died 1 day after angiography, awaiting retransplantation, and 
autopsy revealed massive necrosis of the liver with complete 
PVT 


In the remaining patients, changes in parameters of hepatic 
function occurred in relation to episodes of acute and chronic 
rejection diagnosed by percutaneous biopsy of the graft. 


Graft rejection 


Only one of four patients with thrombosis of the portal 
anastomosis (patient 1) suffered episodes of acute (on day 10 
after operation) or chronic (6 months after transplant) 
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Figure 1 Changes of biochemical parameters in patient 2. 
a o, Serum glutamic—oxaloacetic transaminase; @, serum glutamic— 
pyruvic transaminase. b o, Prothrombin activity; @, bilirubin 


rejection. The chronic rejection did not respond completely to 
immunosuppressive treatment with monoclonal antibodies and 
resulted in the patient’s death 2 months later. 


Arterial thrombosis 


Two patients suffered postoperative hepatic arterial throm- 
bosis. One case (patient 2) was likely to have been caused by 
the administration of somatostatin given to treat an episode of 
bleeding oesophageal varices, since the arterial thrombosis 
followed 24h later. In the other patient (no. 3), thrombosis 
appeared to be due to acute rejection occurring 38 days after 
transplant, since there was no evidence of other causes and 
because previous experience of nine cases of arterial 
thrombosis!* had shown that eight were related to severe acute 
rejection, suggesting that reduction of the donor arterial lumen 
and increased resistance to blood flow were the main causes. 
Endoluminal angioplasty was not attempted in any of these 
patients because of severe deterioration of coagulation. 

The association of arterial thrombosis with pre-existing PVT 
(patient 2) resulted in autopsy findings of total necrosis of the 
liver graft. 


Retransplantation 


Retransplantation was not suggested in any patient for isolated 
PVT. 

Three patients underwent retransplantation. In one (patient 
3) this was due to deterioration of hepatic function following 
arterial thrombosis; retransplantation was performed 45 days 
after the original OLT, but the new graft suffered primary failure 
and 5 days later the patient underwent a second retrans- 
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Figure2 Changes of biochemical parameters in patient 5. a 0, Lactate 
dehydrogenase; æ, bilirubin. b o, Serum glutamic—oxaloacetic trans- 
aminase; @, serum glutamic—pyruvic transaminase. c 0, y-Glutamyl 
transferase (GGT); e, alkaline phosphatase 


plantation. Death ensued 12 days later from sepsis, pulmonary 
aspergillosis and multiorgan failure. 

Patient 6 underwent retransplantation for primary graft 
failure 5 days after transplant, but died 14 days later from 
pulmonary aspergillosis leading to sepsis and multiorgan 
failure. 

Patient 7 suffered chronic rejection and underwent 
retransplantation 3-5 months after the original OLT. The 
patient suffered episodes of rejection of the new graft as well 
as bacterial infection, both of which were controlled. 

Patients 1 (acute rejection), 2 (recurrence of PVT) and 5 
(acute rejection) all had indications for retransplantation but 
died awaiting another donor liver (Table 2). 


Mortality 
Three patients died during the 30-day postoperative period, 
from PVT with digestive haemorrhage and associated arterial 
thrombosis (patient 2), acute rejection followed by multiorgan 
failure and PVT (patient 5) and multiorgan failure with 
pulmonary aspergillosis without evidence of PVT (patient 6) 
(Table 2). 

Three patients died during the follow-up period. One patient 
(no. 1) died from chronic rejection 8-5 months after transplant 
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Table 2 Aetiology of cirrhosis, complications of transplantation and outcome 





Patient Aetiology Date of Duration of Date of 
no. of cirrhosis first OLT follow-up “Complications second OLT Outcome 
1 Biliary 6 June 1988 8 months 10 days Acute rejection — Chronic rejection; died 
2 Autoimmune 19 July 1988 13 days Rethrombosis — Arterial thrombosis; died 
Gastrointestinal bleed 3 
3 Cryptogenic 2 December 1988 1 month 25 days Acute rejection 17 January 1989* Sepsis, aspergillosis, 
(primary multiorgan failure; died 
non-function } 
4 Alcoholic 25 June 1989 2 years Rejection (4 times) — Well 
5 Cryptogenic 7 September 1989 8 days Acute rejection — Rethrombosis, multiorgan 
Hepatic failure failure; died 
6 Cryptogenic 1 November 1989 19 days Primary non-function 6 November 1989 Multiorgan failure, 
aspergillosis; died 
7 Cryptogenic 12 March 1990 1 year 2 months Chronic rejection 26 June 1990 Well 
8 Alcoholic 31 March 1990 1l year 2 months Acute rejection — Well 
9 Alcoholic 3 April 1990 1l year 1 month Cholestasis — Well 
10 Alcoholic 6 April 1990 1 year 1 month — — Well 
11 Cryptogenic 30 May 1990 1 year Cholestasis — Well 
Cholangitis 
12 Alcoholic 28 August 1990 2 months Cerebral ischaemia — Good hepatic function; 
died 
13 Alcoholic 28 October 1990 7 months — — Well 
14 Posthepatitis 12 December 1990 5 months — — Well 











OLT, orthotopic liver transplantation. * Patient underwent third OLT on 22 January 1989 


while awaiting retransplantation, from rapid multiorgan 
deterioration. ` 2 

One patient (no. 3) died after second and third transplants 
2 months after the original OLT from sepsis, aspergillosis and 
multiorgan failure. 

The third patient (no. 12) died from pulmonary infection 
4-5 months after transplant. This patient had suffered an episode 
of cerebral ischaemia 36 h after transplantation that had caused 
diffuse irreversible brain damage and necessitated tracheostomy 
and assisted ventilation (Table 2). 


Survival : 

Eleven patients survived for between 2 months and 2 years after 
transplant, and of these eight are currently alive and without 
complications; they maintain normal hepatic function. Portal 
vein and hepatic arterial patency have been confirmed in all 
11 patients (Table 2). 


Relationship between preservation solution, venovenous bypass 
and results 


In six patients perfusion and preservation of the liver graft was 
carried out with Hartmann’s (precooling) and Collins’ 
(cooling) solutions; venovenous bypass was used in all six. In 
contrast, in the eight remaining cases, perfusion was performed 
with Belzer’s solution and venovenous bypass not employed. 

Five patients in the first group died, while in the second 
there was one death. Similarly, PVT recurred in three patients 
in the first group and in one of the second. Two patients 
underwent retransplantation in the first group and one in the 
second. The y? test with Yates’ correction revealed no 
significant differences between groups with respect to these three 
parameters. 


Discussion 

The demonstration of PVT in terminal hepatic cirrhosis 
represents for some an absolute contraindication to OLT!*} 
since the severe portal hypertension can complicate the surgical 
procedure. Depending on the extent of thrombosis it is also 
necessary to resect the portal vein or construct different 


bypasses (usually with an iliac vein graft of the donor) to allow 
venous perfusion of the graft by way of the superior mesenteric 
or left gastric vein’?. However, the major risk of accepting these 
patients for OLT is the recurrence of PVT after operation due 
to the involvement of the vessel wall ‘of the portal or splenic 
and superior mesenteric veins and the reduction in portal 
venous flow caused by the extensive collateral circulation 
developed as a result of portal thrombosis!?+13+15, 

Partial thrombosis of the portal vein is common, although 
minor reductions (<25 per cent) of the portal lumen are not 
clinically significant. However, thrombectomy and resection of 
the major part of the involved venous wall should be performed 
when the reduction of the venous lumen is >25 per cent. 
Reductions of <25 per cent are localized and can be treated 
by resection of the portal vein. 

The presence of left gastric vein dilatation necessitates 
ligation of this vessel to avoid the loss of portal vein blood and 
to facilitate the increase of portal vein diameter by longitudinal 
incision of the vessel wall, which improves the anastomosis with 
the donor portal vein. Alternatively, the left gastric vein may 
be used to create an anastomosis with the portal vein of the 
graft”. 

Venovenous bypass was used in this series only between the 
femoral and axillary veins. This blood flow is similar to that 
which exists in the portal-femoral-axillary circuit from the 
extensive collateral circulation between the splanchnic and 
general circulation. For precisely this reason, clamping of the 
infrahepatic vena cava is well tolerated by these patients and 
the use of venovenous bypass not necessary. In the present 
study, at least, an apparently lower incidence of recurrent 
thrombosis was achieved in the patients in whom bypass was 
not used; a similar improvement in results was apparent in 
those patients who received liver grafts perfused with Belzer’s 
solution, although in both cases the numbers are too small for 
statistical confirmation. Perhaps the combination of avoiding 
trauma to the vessel during the hypercoagulable phase following 
bypass and the improved preservation (including decreased 
damage to the vascular endothelium) contributed to this 
improvement in results'*!°. This idea is supported by the fact 
that there have been no cases of arterial thrombosis and only 
one of vein thrombosis (in a patient with preoperative PVT) 
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in the last consecutive 92 OLTs in which Belzer’s solution was 
used and venous bypass not applied. 

Postoperative mortality was not clearly related to 
complications secondary to the recurrence of PVT; the 
incidence was high in the first group (perfusion with 
Hartmann’s and Collins’ solutions and use of venous bypass) 
and low in the second (perfusion with Belzer’s solution and no 
bypass ). For this reason, although the influence of these factors 
on postoperative outcome is debatable, we intend to continue 
with the latter protocol!*. 

The 3-month and long-term survival rates do not appear to 
differ from the overall mean observed in the European Liver 
Transplant Registry. However, survival in the present patients 
is significantly worse than that achieved by the most experienced 
groups in the Registry at 1 and 3 years after transplantation!’. 

Recurrence of PVT in the present series could be related to 
the coagulative state. In the first five patients, anticoagulation 
was not carried out because it was not considered necessary 
due to the low coagulative state in the early postoperative 
period. In the last nine patients anticoagulation was maintained 
for 2-3 months. Anticoagulation therapy during the first 3—6 
months after OLT should be administered in a carefully 
controlled manner, with prothrombin activity maintained at 
<50 per cent and cephalin time within 40 per cent of 
control values! +18, 

PVT should not be a contraindication to OLT!92° although 
it does currently necessitate a more complex surgical 
reconstruction and may also raise the overall morbidity and 
mortality rates of transplantation. In any case it should be 
remembered that PVT can occur during the waiting time in 
the pretransplant period after normal ultrasonographic studies 


have indicated portal vein patency, and thus may be present . 


as an unexpected operative finding’?-'*. Although the patients 
in the present study constituted the worst candidates for OLT, 
we consider that the high risk of an H graft mesocaval shunt 
and the contraindication of a distal splenorenal shunt (because 
of intractable ascites) mean that OLT is the only option that 
can be offered to such patients. On the other hand, porto- 
systemic shunting before transplantation increases morbidity 
and mortality and also the risk of PVT in the recipient?'-?*. 
The only indication for a pretransplant shunt is failure of 
sclerotherapy as treatment for bleeding oesophageal varices. 

The recurrence of PVT after operation is not always 
associated with changes in hepatocellular activity, as demons- 
trated by the course of two of the present patients. However, 
in those cases in which evidence of progressive hepatic atrophy 
exists!®:?°, hepatic function may be preserved and catastrophic 
haemorrhage avoided by an operative portosystemic shunt 
procedure??? Of these the distal selective splenorenal shunt 
is preferred since this region is located away from the 
hepatoduodenal ligament, which facilitates the procedure. 
However, it is still not clear whether there can be any indication 
for a shunt in such patients, or whether sclerotherapy should 
be the treatment of choice. 

The incidence of postoperative PVT was not underestimated 


because Doppler ultrasonography constitutes a good diagnostic . 


method in this department?*. If PVT does not occur in the 
early postoperative period it seems unlikely to develop during 
follow-up. In the experience of the authors postoperative PVT 
has never occurred in patients with a patent portal vein 
(follow-up from 2 months to 2 years; 174 patients until April 
1991), unless severe complications (acute pancreatitis, 
multiorgan failure) have appeared. 
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In conclusion, OLT has been found to be a satisfactory 
treatment for patients with end-stage liver failure and PVT. 
The present results, particularly if venous bypass is not used 
and the donor liver is perfused with Belzer’s solution, are similar 
to those obtained after liver transplantation without PVT. 
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Management of traumatic liver 
injuries 


Liver injuries in Europe are usually caused by blunt trauma and a high 
mortality rate is generally reported. The severity of liver injury in 175 
patients was graded from I to V and the Injury Severity Score assessed. 
Seventy-five patients in a prospective study (1987-1990) were treated 
according to a defined protocol. Non-operative management was used 
for those who were haemodynamically stable on admission. In unstable 
patients who proceeded to surgery, liberal use of packing was made and 
a low threshold for relaparotomy employed. Increasing experience 
resulted in fewer indications for resection and a 40 per cent rate of 
non-operative treatment in the prospectively managed group. The overall 
mortality rate was 12 per cent (15 per cent in the retrospective and 
8 per cent in the prospective group). Death in patients with multiple 
injuries should only rarely result from liver trauma. 


The mortality rate from liver trauma has fallen from 60 per cent 
at the beginning of this century, to 30 per cent during World 
War II, to current values of 0-10 per cent for penetrating’? 
and 10—20 per cent for blunt! ~* injury. Better knowledge of 
liver pathophysiology and anatomy, and enhanced resusci- 
tation, anaesthesia and intensive care, have contributed to this 
improvement>. Blunt trauma to the abdomen from accidents 
or sporting misadventures is responsible for 80—90 per cent of 
all liver injuries in Europe**. After the spleen, the liver is the 
most frequently injured organ within the abdominal cavity*®. 
Most blunt injuries occur in patients with associated and 
multiple injuries. These usually account for the mortality +475, 

Treatment strategies range from an aggressive operative 
approach?—'? to a conservative or non-operative expectant 
policy!*-?!. Diagnostic strategy in the emergency room may 
include immediate ultrasonography and/or computed tomo- 
graphy (CT). Non-operative or surgical treatment is based on 
preoperative grading of the severity of the liver injury. Based 
on retrospective experience a management policy has been 
developed in which the choice of therapy is specifically tailored 
to the grade of liver injury and condition of the patient on 
admission*. The value and place of non-operative treatment in 
patients who were stable on admission was assessed. 


Patients and methods 


A total of 175 patients with liver trauma were examined, 100 
retrospectively (1973-1986) and 75 prospectively (1987-1990). The 
severity of liver injury was graded from I to V, modified after Moore 
et al.22-23 (Table 1). This classification corresponds to the anatomical 
and pathological pattern of liver trauma and reflects necessary 
therapeutic measures*:?? (Table 2). Multiple trauma was assessed by 
the Injury Severity Score (ISS)?4~?° because of the proven value of 
this score in retrospective and prospective analysis and its known 
correlation with outcome?*®, 

The prospective group was managed using a defined treatment 
policy, including early efficient resuscitation (blood and fresh frozen 
plasma)*’, rapid assessment of associated injuries and determination 
of priorities of treatment. Immediate ultrasonography?® and/or 
CT?* 1 in all stable patients or in those with a head injury was 
employed for the assessment and diagnosis of hepatic injury. Liver 
injury grade was determined in all patients treated without operation 
by CT, acknowledging the inexactitude of the method?°. Special 
attention was paid to areas of devascularized liver tissue. 

A stable patient was defined as one having a shock index (pulse 
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rate/systolic blood pressure) <1 on admission and a requirement for 
<2 litres electrolyte solution and <2 units packed red cells over the 
next 2h. Management consisted of close supervision on the intensive 
care unit with repeated ultrasonography, CT or angiography. 
Peritoneal lavage was used only in the prospective group in a few 
unstable patients when ultrasonography was not immediately available. 


Tablel Classification of liver injury (modified after Moore et al.*7-?4) 





Grade Description of injuries 





I Capsular tear or avulsion 
Superficial parenchymal injury (<1 cm) 
It Superficial parenchymal injury (1-3 cm deep) 


Subcapsular haematoma <10 cm 
Peripheral penetrating wound 


WH Deep parenchymal injury (>3 cm) 
Subcapsular haematoma >10 cm 
Central penetrating wound 
Intrahepatic haematoma <3 cm 
Hilar injury (portal vein branch, hepatic artery branch, 
hilar ducts) 


IV Massive injury to one lobe 
Devitalization of more than one segment 
Intrahepatic haematoma >3 cm 
Injury to portal vein, hepatic artery or major branch 


y Extensive liver injury to both lobes 
Bleeding from hepatic veins or vena cava 
Retrohepatic vena cava injury 


Table 2 Operative treatment and grade of liver injury 


Grade of 

injury Treatment 

I Conservative (operative or non-operative), infrared 
coagulation, suture 

ef As for I plus haemostasis: suture, buffers, Teflon 
(Du Pont, Wilmington, Delaware, USA) 

pest As for I plus debridement, resection, tamponade (Pringle 
manoeuvre may be necessary) 

IV As for IJI plus resection possible, tamponade, vascular 
isolation 

Vv As for IV plus intraoperative vascular isolation 





Perihepatic packing may be used in all grades in case of incomplete 
haemostasis 
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Surgery was performed in unstable patients or for suspicion of 
ongoing haemorrhage or liver necrosis*:!3—1-27-32, The estimated liver 
injury grade was confirmed (Table 1) and a specific therapeutic 
manoeuvre chosen accordingly (Table 2). All necrotic liver tissue was 
removed*'5-12-15_ Deep parenchymal injuries were suture ligated if 
bleeding was present at laparotomy*:!5-33, Resection was carried out 
in those with severe segmental or lobar injuries and large areas of 
devascularized and/or infected liver tissue!?-16-27:32, Packing was used 
when incomplete haemostasis necessitated a planned ‘second-look’ 
operation; a low threshold for relaparotomy for suspected necrosis or 
recurrent or continued haemorrhage was employed*:!3-16-19-21_ 


Results 


There were 25 female and 75 male patients in the retrospective 
group with a mean age of 32-6 (range 7-77 ) years. Blunt trauma 
occurred in 90 patients and a penetrating injury in ten (six 
gunshot and four stab wounds). The prospective group 
comprised 17 female and 58 male patients (mean age 31-2 (range 
16-79) years) with 68 blunt and seven penetrating injuries. 
Liver injury grades are shown in Figure 1. 

The mean ISS of the patients was 33. The CT-estimated 
liver injury in patients treated without operation was grade I 
or II in 17 patients and grade III or IV in 13. The overall 
mortality rate was 12 per cent: 15 per cent in the retrospective 
and 8 per cent in the prospective group. The overall mortality 
rate in the 158 patients with blunt trauma was 13 per cent; in 
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Figure 1 Liver injury grade versus mortality in retrospective (C1) and 
prospective (W) groups. F3, Patients who died 
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Figure 2 Injury Severity Score versus mortality rate 
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Table 3 Incidence of hepatic resection and mortality in patients 
undergoing resection (liver injury grades IV and V) 








Retrospective Prospective 





group group Total 

(n = 100) (n = 75) (n=175) 
Patients undergoing resection 20 (20) 10 (13) 30 (17) 
Mortality following resection 6 (30) 0 (0) 6 (20) 





Values in parentheses are percentages 
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Figure 3 Mean number of reoperations versus liver injury grade 


the 17 with a penetrating injury there were no deaths. In the 
retrospective group, death occurred in six patients with grade 
Ior I liver injuries, in four with grade II injury, in four with 
grade IV trauma and in the one patient with a grade V injury. 
No patient died from immediate exsanguination but four 
succumbed to continued haemorrhage from the liver. Five 
patients died with complications of concomitant multiple 
injuries (acute respiratory distress syndrome (ARDS), multiple 
organ failure, pneumonia, sepsis). Six patients died from head 
injuries. . 

In the prospective group one patient with haemophilia died 
after being referred 14h after a first operation as a direct 
consequence of the coagulation disorder. Two patients died 
late from pulmonary embolism in spite of low-dose heparin 
prophylaxis. The fourth patient, following an attempted suicide 
by drowning, died from ARDS. One patient (liver injury grade 
II, ISS 50) died from massive haemorrhage caused by multiple 
injuries. One patient with a liver injury treated without 
operation (grade IV) died on the 16th day after admission from 
multiple organ failure (ISS 59). In the prospective group the 
two patients with grade V liver trauma (retrohepatic vena cava 
injury) survived following the use of intraoperative vascular 
exclusion*:?°, The approach to the suprahepatic vena cava was 
intrapericardial after median sternotomy in one and infra- 
diaphragmatic from the left side, as in liver transplantation, in 
the other. This method proved reliable and safe. 

For all patients the ISS accurately predicted survival 
(Figure 2). No patient with liver injury alone died. The 
mortality rate increased with the number of concomitant 
injuries (Figure 2). Twenty-one of 71 patients admitted directly 
to the unit had a shock index 21; the mortality rate in these 
was 14 per cent compared with 2 per cent in those with a shock 
index <1 on admission. 

Thirty patients required hepatic resection, giving an overall 
resection rate of 17 per cent (Table 3). Only three patients were 
treated without operation in the retrospective group compared 
with 30 in the prospective group. Two of the patients treated 
without operation with a CT-estimated liver injury of grade IV 
developed vascular complications (false aneurysmi and an 
arterial—portal venous fistula) which necessitated radiological 
embolization. Reoperations increased with the grade of liver 
injury (Figure 3). The overall treatment methods are shown in 
Table 4. 
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Table 4 Treatment methods 








Retrospective Prospective 
group group Total 
(n = 100) (n = 75) (n=175) 
Conservative 3 (3) 30 (40) 33 (19) 
Operative 97 (97) 45 (60) 142 (81) 
Minor 90 42 132 
Arterial ligation 6 (6) 0 (0) 6 (3) 
Tamponade 11 (11) 12 (16) 23 (13) 
Resection 20 (20) 10 (13) 30 (17) 
Reoperations 46 36 82 





Values in parentheses are percentages 


Discussion 

The main difference between the retrospective and prospective 
groups was that in the former there was no defined protocol. 
In the prospective group, treatment was conducted according 
to a policy based on early assessment of the liver and multiple 
injury grade, and haemodynamic stability. This allows a more 
deliberate selection of cases for non-operative manage- 
ment*:5-13-18,20,21,28-31 particularly in younger patients with 
subcapsular or intrahepatic rupture. Delayed rupture and 
vascular complications must be considered*®3. Because of the 
potential vascular complications in grade IV liver injuries 
treated without operation, routine angiography is recom- 
mended. All patients treated without operation with a 
CT-estimated liver injury of grade III or IV should undergo 
angiography 10 days and 3 months after trauma. 

In unstable patients, surgical intervention under optimal 
conditions is mandatory. Emergency room laparotomy is 
contraindicated**. Extensive debridement of all necrotic liver 
tissue is necessary and hepatic resection may be required* 1932, 
Arterial ligation is contraindicated**. Provisional haemostasis 
(especially tamponade) with planned early reoperation was 
frequent in the prospective series and was, as elsewhere, of great 
value*:5:13-16.20.23 (Table 4; Figure 3). In retrohepatic injuries 
an element of self-tamponade takes place that may be disturbed 
by misguided early exploration. 

Mortality was due mostly to concomitant injuries (Figure 2) 
and rarely to liver trauma. There are few studies that 
differentiate and grade both the severity of liver trauma and 
the extent of associated injuries!*+:”. Improvement of the results 
of treatment of liver injury can be achieved only by improving 
the whole chain of treatment. The main points are: immediate 
stabilization of vital functions with early transfusion of 
erythrocyte concentrates and fresh frozen plasma; non- 
operative treatment in patients stable on admission (ultra- 
sonography, CT, angiography, intensive care); familiarity of 
the surgeon with the surgical, anatomical and pathophysio- 
logical principles of hepatic surgery; a conservative operative 
approach to liver injury with tamponade whenever definite 
haemostasis and/or resection seems dangerous; resection 
restricted to removal of necrotic and/or infected liver tissue; 
and a low threshold for early relaparotomy. 
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Traumatic pancreatic pseudocysts 


Fifteen patients who developed pseudocysts following pancreatic trauma 
were evaluated to determine outcome in relation to the nature and site 
of pancreatic duct injury. Pseudocysts developed in eight patients 
operated on within 48 h of abdominal trauma and in seven who were 
initially treated conservatively. In none was duct injury diagnosed during 
initial management. Presentation was a median of 20 (range 8-360) 
days after injury. In 14 patients, pseudocysts (mean diameter 9 (range 
3-16) cm) were confirmed by computed tomography or ultrasonography. 
Endoscopic retrograde pancreatography (ERP) demonstrated the site 
and severity of the duct injury in eight of 11 patients. Two patients with 
side duct injury on ERP were treated successfully without intervention. 
Pseudocysts arising from distal duct injuries (four patients) were treated 
by percutaneous aspiration or catheter drainage, although one patient 
required subsequent distal resection for recurrent pancreatitis caused 
by a pancreatic duct stricture. Three patients with duct injuries in the 
neck or body with pancreatic disruption underwent distal pancreat- 
ectomy. Proximal duct injuries with mature pseudocysts (three patients ) 
were drained internally. Three patients had complicated pseudocysts 
(haemorrhage in one, sepsis in two) that necessitated emergency 
laparotomy and external drainage, one of these patients died from sepsis. 
These findings suggest that traumatic pancreatic pseudocysts that follow 
peripheral duct injury may resolve spontaneously, whereas those 
associated with distal duct injuries can be treated by percutaneous 
aspiration or catheter drainage. Proximal duct injuries, however, require 
surgical intervention using either resection or internal drainage, 
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Trauma to the pancreas is uncommon and constitutes only 


1~2 per cent of all abdominal injuries’. Associated major 
vascular and visceral injuries are common and are mainly 
responsible for the mortality rate of up to 40 per cent’. Blunt 
trauma to the pancreas may be clinically occult and duct injury 
may go unrecognized during initial evaluation or at the time 
of surgery. Delay in diagnosis is associated with increased 
morbidity and hospitalization. Major early complications 
including abscess, haemorrhage, pancreatic fistula or pseudo- 
cysts are reported to develop in one-third of surviving patients’. 

Because of the comparative rarity of the late sequelae of 
pancreatic injury, clinical experience of the optimal therapy for 
post-traumatic pancreatic pseudocysts is limited. The present 
study reports a series of 15 patients who developed pancreatic 
pseudocysts after trauma and evaluates the outcome in relation 
to the nature and site of the pancreatic duct injury. 


Patients and methods 


The records of 64 consecutive patients who had sustained proven 
pancreatic trauma between January 1980 and December 1989 were 
reviewed. Fifteen patients (13 men, two women) of mean age 35 (range 
24-68 ) years developed a post-traumatic pancreatic pseudocyst. Eleven 
patients suffered blunt trauma (ten assault, one motor vehicle accident ) 
and four had penetrating injuries (three gunshot, one knife wound). 

The outcome of treatment was reviewed with regard to other organ 
injury, initial management, complications and the site and extent of 
pancreatic duct injury. Ultrasonography and computed tomography 
(CT) were used to determine the location and size of the pseudocyst 
and, whenever possible, the site and nature of the pancreatic duct injury 
was assessed by endoscopic retrograde pancreatography (ERP). 
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depending on the maturity of the cyst wall. 


Results 


Initial management 
Eight of the 15 patients underwent abdominal exploration 
within 48h of injury. Five of these eight patients had a 
laparotomy within 4h of the initial trauma and three were 
initially managed conservatively but subsequently required 
laparotomy for deteriorating abdominal signs. Four patients 
had isolated pancreatic injuries and four required other 
procedures including management of liver lacerations {three 
patients}, splenectomy (one) and nephrectomy (one). One 
patient underwent repair of the inferior vena cava, gallbladder, 
duodenum, small bowel and stomach. Pancreatic injury 
(retroperitoneal haematoma (four patients), capsular tear 
(two) or peripheral disruption of pancreatic parenchyma (one )} 
was noted in seven patients but missed in one with a major 
liver injury. In none was pancreatic duct involvement 
recognized. Management of the pancreatic injury was limited 
to drainage in six patients; in two patients no drains were used. 
A pancreatic pseudocyst subsequently developed in all eight of 
these patients after the initial surgical management. In seven 
patients, duct injury was later demonstrated in the pancreatic 
head (one patient), neck (one), body (three) and tail (two). 
The remaining seven patients were initially managed without 
operation as they had minimal abdominal signs on presentation 
after blunt abdominal trauma. In one patient (no. 2 in Table 1) 
with minimal abdominal signs but a raised serum amylase level, 
ERP 24h after injury showed minor duct disruption in the 
uncinate process (Figure!) and limited extravasation of 
contrast. A pseudocyst subsequently developed in this patient. 
The remaining six patients presented 9, 16, 18, 20, 240 and 360 
days after the initial injury with a symptomatic pancreatic 
pseudocyst. 
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Duration of 
hospital stay 


Table 1 Outcome after non-operative management of traumatic pancreatic pseudocysts 
Pseudocyst 
Duct injury Delay in 

Patient Age He Baer presentation Size 

no, (years) Sex Type Site (days) (cm )* 
2 30 M Blunt Head 12 10 

10 33 F Stab Body 24 7 

11 32 M Blunt Body 9 14 

13 25 M Gunshot Tail 16 5 

14 45 F Blunt Tail 30 13 

15 33 M Blunt Tail 32 16 


Management (days) Outcome 
Conservative l Well 
Conservative 37 Wel 
Percutaneous aspiration 50 Fistula, stricture, 
(3 times) distal 
Percutaneous drainage pancreatectomy 
for 21 days plus octreotide 
Percutaneous drainage 36 Fistula 
for 32 days plus octreotide 
Percutaneous aspiration 40 Well 
(3 times) 
Percutaneous aspiration (once) 16 Well 





*Determined by ultrasonography or computed tomography 





























Figure | Endoscopic retrograde pancreatography in patient 2. There is 
extravasation (E) ef contrast after peripheral duct injury (1) in the 
uncinale Process 


Investigation of pseudocyst 
The mean diameter of the pseudocysts was 9 (range 3~16)cm 
(Figure 2). Pseudocysts were demonstrated in 14 of the 15 
patients by either ultrasonography (11 patients) and/or CT 
{nine cases) (Tables 1 and 2). Patient 12, in whom neither 
investigation was performed before operation, had an acute 
major bleed into the pseudocyst, which required urgent surgical 
intervention and external drainage while awaiting investigation. 
ERP was successful in eight of 11 patients (Figure 3). In 
three, submucosal and intramural duodenal haematoma 
obscured the papilla and prevented intubation of the pancreatic 
duct. One further patient had intraoperative pancreatography 
performed through the ampulla of Vater. Evidence of duct 
injury was present in all nine patients. In a further four, 
pancreatic duct injury was noted during operation at the time 
of surgical management of the pseudocyst. Figure 4 shows the 
sites of duct injury in 13 patients. In two patients (nos 12 and 
15), main pancreatic duct injury was not demonstrated. 
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Figure 2 Computed tomography demonstrating a large pseudocyst (P) 


following blunt pancreatic trauma 


Treatment 

Two patients (nos 2 and 10) were stable with mild abdominal 
symptoms and had contained extravasation of contrast from a 
small peripheral pancreatic duct injury on ERP. Both were 
treated conservatively and showed complete resolution of the 
pseudocyst on ultrasonography at 3 and 6 months. 

Four patients with a pancreatic pseudocyst (nos 11, 13, 14 
and 15) underwent either percutaneous needle aspiration or 
catheter drainage ( Table 1). The cyst was emptied as completely 
as possible by aspiration using a 22-G Chiba needle positioned 
with ultrasonographic guidance. Fluid samples were submitted 
for bacterial culture and amylase estimation. In all, seven 
aspirations were performed in three patients. All collections 
were sterile on culture and the amylase level in all was 
> 45000 units/1. Two patients showed complete resolution after 
one and three aspirations. The pseudocyst in the third patient 
(no. 11) recurred after three aspirations and required 
percutaneous catheter drainage for 21 days with parenteral 
alimentation and octreotide (Sandostatin; Sandoz, Randburg, 
South Africa) therapy before complete resolution. This patient 
had a duct injury in the mid-body of the pancreas and developed 
recurrent pancreatitis secondary to a pancreatic duct stricture, 
which required distal pancreatectomy 11 months after the initial 
injury. The fourth patient with a duct injury in the pancreatic 
tail (no. 13) was treated by percutaneous catheter drainage plus 
octreotide. The drainage resolved after 32 days. 

Nine patients were managed by operation (Table 2). The 
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Table 2 Outcome after operative management of traumatic pancreatic pseudocysts 








Pseudocyst 
Duct injury Delay in 
Patient Age SS presentation Size 
no. (years) Sex Type Site {days} (cm }* 
1 27 M Gunshot Head 24 7 
3 68 M Blunt Neck 360 
4 4l M Blunt Neck 20 6 
5 26 M Gunshot Body 240 10 
6 37 M Blunt Body 13 
7 24 M Blunt Body 8 6 
8 37 M Blunt Body 18 11 
9 24 M Blunt Body 70 9 
12 38 M Blunt Body 14 12+ 





after diagnosis 
of pseudocyst 


Surgery {days} Outcome 
External drainage 15 Fistula, died 
Roux-en-Y cystojejunostomy 14 Well 

Distal pancreatectomy 32 Fistula 
Roux-en-Y cystojejunostomy 2i Well 

Distal pancreatectomy 20 Well 
External drainage 37 Fistula 
Roux-en-Y cystojejunostomy 90 Fistula 


Distal pancreatectomy 80 Fistula, abscess 


External drainge 26 Weil 








*Determined by ultrasonography or computed tomography: tmeasured at laparotomy 





Figure 3 Endoscopic retrograde pancreatography showing complete 
main duct occlusion, indicating duet injury (arrow) in the pancreatic neck 


three patients (nos 4, 6 and 9) who had complete disruption 
of the pancreas in the neck or body were treated by distal 
pancreatectomy. Internal drainage of the pseudocyst by a 
Roux-en-Y cystojejunostomy was performed in three patients 
(nos 3, 5 and 8) with mature cysts related to duct injuries in 
the pancreatic neck or body. Three patients (nos 1, 7 and 12) 
required emergency surgery for pseudocysts complicated by 
sepsis (two patients) or bleeding (one): these were managed 
by control of the haemorrhage in one and external tube drainage 
in all. 


Outcome 


One patient died 39 days after trauma from multiorgan failure 
telated to sepsis after a bullet injury to the pancreatic head. 
The median duration of hospitalization in the 14 survivors was 
34 (range 14-90) days. Pancreatic fistulas occurred in seven 
patients following distal resection (two patients}, Roux-en-Y 
cystojejunostomy (one), operative tube drainage (two) and 
percutaneous drainage (two). The one death (patient 1: 
Figure 4) was a result of a high-output fistula complicated by 
sepsis and multiorgan failure. The fistulas in the remaining six 
patients persisted for a mean of 23 (range 8-40) days. Two of 
these fistulas ceased to drain after treatment with octreotide 
for 7 and 14 days respectively. Four of the five patients who 
were managed by either percutaneous drainage (two patients ) 
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by: @. endoscopic retrograde pancreatograph 
and @. operative pancreatography. In two é 
detected: pseudocyst confirmed ai emergency laparotomy; 
pseuiocyst shown on computed tomography 





or operative external drainage (three) developed fistulas. All 
four of these patients had demonstrable duct injury on ERP 
{two patients) or operative findings (two). No patient 
developed either pancreatic insufficiency or diabetes on 
subsequent follow-up. 


Discussion 


The results of the present study reflect the diagnostic difficulty 
encountered both in determining pancreatic injury clinically 
after blunt abdominal trauma and in assessing the presence of 
pancreatic duct injury at laparotomy. In seven of the 15 patients 
who developed pancreatic pseudocysts, abdominal injury was 
thought initially to be minor and not to warrant laparotomy; 
in eight patients duct injury was missed at operation. In 
addition, it was found that the clinical manifestations of isolated 
pancreatic injury and undetected duct disruption may be 
delayed for substantial periods and become apparent only when 
complications develop. Previous reports*’® have noted that 
undetected duct disruption may result in continued leakage of 
pancreatic enzymes, causing pancreatic pseudocyst, fistula, 
ascites or recurrent pancreatitis. In the present series, 
pseudocysts presented 8-360 (mean 59) days after the initial 
trauma. Other authors have also noted a delayed presentation 
of complications, ranging from 6 months to 21 years after the 
original pancreatic injury*’. 

Although the combination of ultrasonography and CT in 
the present study was accurate in demonstrating pseudocyst 
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formation when it occurred as a delayed complication of 
pancreatic injury, the role of these investigations in determining 
acute pancreatic injury is less well established’. Whereas CT 
has been reported to identify 97 per cent of solid visceral injuries 
accurately®, acute pancreatic injuries may be missed by CT in 
20 per cent of cases because of poor visualization in the presence 
of multiple trauma’. CT has been critically evaluated in two 
studies of patients with acute pancreatic injury’'°. In an 
analysis of 300 patients undergoing CT after abdominal trauma, 
Jeffrey et al.'° correctly identified 13 pancreatic injuries but 
noted two false-positive and two false-negative reports. Cook 
et al.'' identified five pancreatic injuries in 82 patients but 
incorrectly identified seven as having pancreatic injuries. 
Although CT may be a useful screening method for excluding 
pancreatic injury, it is unable to identify duct injury accurately 
unless there is complete transection of the gland. A combination 
of CT with ERP has allowed early detection of major duct 
injuries!?. 

Successful surgical management of pancreatic trauma 
depends on precise delineation of the extent of injury. Detection 
of duct injury may be difficult and gross inspection and 
palpation can be misleading. Retroperitoneal or subcapsular 
haematoma and oedema may mask major parenchymal 
disruption and may limit adequate pancreatic evaluation. In 
the eight patients in this study explored within 48 h of trauma, 
no ductal injury was suspected. Several authors*'* have 
emphasized the need for adequate duct evaluation and have 
advocated either intraoperative transduodenal pancreato- 
graphy or cannulation of the duct in the pancreatic tail. Berni 
et al. reported a threefold reduction in morbidity rate after 
the introduction of operative pancreatography. Although the 
addition of a duodenotomy to perform transpapillary 
pancreatography may potentially increase morbidity from 
duodenal fistula, this was not found to be a practical problem'?. 
Others!*'5 have judged this procedure to be complicated and 
unnecessary in the acute situation. 

The reliability of ERP in identification of duct injury has 
been reported previously*'?. If the patient is clinically stable, 
several authors'®"!° have recommended pancreatic duct 
evaluation by preoperative ERP to avoid the potential 
complications of duodenotomy. Although intraoperative ERP 
is feasible, its widespread application is limited by logistic and 
technical factors, particularly in the trauma situation?® 7t. 
Disruption of the duct can occur in any of the anatomical 
subdivisions of the pancreas and more than one region may be 
involved®, In addition, strictures or disruption may remain 
undetected unless imaging is undertaken before definitive 
surgery“. The main benefit of ERP in the present study was in 
delayed cases which presented with a pseudocyst. ERP enabled 
accurate identification of the site of duct injury, which 
influenced the selection of optimal therapy. Precise localization 
was less accurate with either CT or ultrasonography, since these 
demonstrated the pseudocyst rather than the site of pancreatic 
duct injury. 

Although the experience of paediatric surgeons indicates 
that half of traumatic pseudocysts occurring in children will 
resolve with medical therapy alone’, only two patients in this 
adult series had spontaneous resolution of the pseudocyst. 
Neither of these patients had major duct injury demonstrated 
on ERP. Percutaneous drainage of pancreatic pseudocysts 
secondary to alcoholic pancreatitis is now well established as 
an effective alternative to surgery in selected cases”*. Few data, 
however, are available for post-traumatic pseudocyst aspiration 
in adults. In two of the three patients who underwent initial 
percutaneous aspiration of the pseudocyst, one and three 
aspiration sessions were sufficient. The pseudocyst in one 
patient failed to resolve after aspiration alone and required 
percutaneous catheter drainage, coupled with intravenous 
alimentation and octreotide, for 21 days to achieve complete 
resolution. This patient ultimately required distal pancreat- 
ectomy 11 months later for recurrent acute pancreatitis caused 
by pancreatic duct stricture. One patient treated initially by 
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percutaneous drainage had a persistent fistula and required 
octreotide before resolution occurred. It was found that 
percutaneous aspiration or drainage was safe for distal 
post-traumatic pseudocysts. Since it is the least invasive 
management, aspiration should be considered as the first-line 
treatment of post-traumatic pancreatic pseudocysts in the tail 
that have failed to settle on conservative management. In this 
group, surgery should be reserved for failure of aspiration of 
the pseudocyst and for cases in which other complications of 
the trauma demand exploration. Three patients in this study 
required urgent intervention for acute complications of the 
pseudocyst. The major disadvantage of external drainage, either 
surgical or percutaneous, was the high incidence of pancreatic 
fistula after intervention. This may persist for prolonged periods 
and may require parenteral alimentation and octreotide to 
achieve resolution. 

Surgical strategy in the management of traumatic pancreatic 
pseudocysts will depend on the site and nature of the duct 
injury, the maturity of the cyst wall and the urgency of the 
operation. When elective surgical exploration is undertaken 
for symptomatic cysts, preoperative ERP allows accurate 
anatomical delineation of the duct injury and facilitates 
operative strategy. On the basis of this study it is recommended 
that, if there is minimal communication with a side duct or 
distal main duct injuries, conservative treatment or aspiration 
should be attempted. External drainage may lead to prolonged 
fistula drainage and the role of octreotide in this setting requires 
further evaluation. Pseudocysts with proximal major duct 
injury require surgical intervention using either resection or 
internal drainage. depending on the maturity of the cyst wall. 
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Wandering spleen is a rare condition! in which the organ is 
attached by an abnormally long vascular pedicle without the 
usual peritoneal ligaments. Torsion of the spleen is a 
life-threatening consequence presenting as either an emergency 
or chronic condition. This is the first report of a symptomatic 
case in which there was no evidence that torsion had occurred; 
it was treated successfully by splenopexy. 


Case report 


A 31-year-old Asian woman, parity two, presented with a 3-year history 
of left-sided abdominal pain. In addition a tender firm lump was present 
in the left upper quadrant when the patient lay on the right side. On 
repeated examination, mild tenderness could be elicited in the left 
hypochondrium and there was evidence of a tender swelling below the 
left ribs, particularly when the patient was rolled to the right. This 
swelling was palpable only momentarily and seemed to slip away from 
the examining fingertips and disappear as soon as contact was made. 
There was no cough impulse. These symptoms and signs remained 
unchanged for 12 months; during this time the patient underwent blood 
tests, abdominal ultrasonography, barium enema and intravenous 
urography, results from all of which were normal. After full discussion 
with the patient it was decided to perform exploratory laparotomy. 
Examination under anaesthesia was normal! and at operation there 
was no sign of abdominal wall herniation. The spleen was found to be 
unusually mobile and prolapsed easily into the upper midline wound. 
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Its appearance and dimensions were within normal limits, with no sign 
of chronic venous congestion. It was felt that the apparent swelling 
was caused by anterior and inferior excursion of the organ. Splenopexy 
was therefore performed, attaching the stomach to the diaphragm and 
lateral abdominal wall with polyglactin 910 sutures, thus fixing the 
spleen in the normal anatomical position. The patient made an 
uneventful recovery and at follow-up symptoms and signs had resolved 
completely. 


Discussion 


Many theories have been suggested for the aetiology of 
wandering spleen. Multiparity can increase abdominal! laxity’, 
splenomegaly may elongate the vascular pedicle by constant 
traction’, or the usual peritoneal ligaments may be 
congenitally malformed?. Longstanding symptoms are usually 
associated with chronic or recurrent torsion, which causes 
chronic venous congestion and thus splenomegaly and 
perisplenic adhesions. The blood profile becomes distorted, 
with leucopenia and thrombocytopenia*. None of these features 
was evident in this case. Although splenectomy has been the 
usual treatment for torsion of the spleen, conservation is now 
advisable. This report illustrates that symptoms may be present 
without torsion and may be resolved in such cases by 
splenopexy. 
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Assessment of main pancreatic 
duct integrity by endoscopic 
retrograde pancreatography in 
patients with acute pancreatitis 


The integrity of the main pancreatic duct (MPD) was evaluated by 
endoscopic retrograde pancreatography (ERP) in a retrospective study 
of 105 patients with acute pancreatitis presenting over an 11-year period 
(1980-1991). The findings were compared with clinical outcome and 
the need to operate for local pancreatic complications. Patients were 
divided into two groups. Group 1 (n = 89) had either clinically mild 
pancreatitis or severe disease but no surgery for local complications, 
and <25 per cent necrosis on contrast-enhanced computed tomography 
(CT) (n = 48). Group 2 patients (n = 16) had clinically severe 
pancreatitis and underwent surgery for local complications and/or had 
> 25 per cent necrosis on CT (n = 12), at surgery or post mortem. All 
89 patients in group 1 had an intact MPD at ERP, which was performed 
a median of 6 (range 0-30) days after onset of pancreatitis; the median 
age was 63 (range 20-88) years and there were no deaths. The median 
age of patients in group 2 was 59 (range 26-85) years. ERP in this 
group was performed in four patients <5 days after onset and all had 
an intact MPD; one died with necrosis and another from a 
cerebrovascular accident. ERP was performed >5 days after onset in 
the other 12 patients: five had an intact MPD and two required surgery 


for pseudocyst drainage only; seven had a disrupted MPD and all 


required surgery for pancreatic necrosis (one death). It is concluded 
that an intact MPD was a feature of mild pancreatitis, whereas 
disruption occurred >4 days after onset in patients with necrosis 
necessitating surgery. 


The incidence of pancreatic necrosis in unselected cases of acute 
pancreatitis is 4-5 per cent'? but this is associated with a 
mortality rate of 20-50 per cent! >. Surgical intervention has 
been shown to be important in achieving optimal results; the 
current options include necrosectomy and drainage'-*, ‘open’ 
methods of pancreatic debridement ® and necrosectomy with 
closed lavage’’®. Percutaneous methods of intervention have 
been described but their place in routine management remains 
under evaluation®:!°, 

Three other aspects of management are critical in 
determining the outcome of these patients. First is the early 
institution of intensive medical treatment, in particular 
circulatory and pulmonary support'!. Second is the identifi- 
cation and determination of the extent of pancreatic necrosis: 
this can now be effectively achieved by rapid large-bolus 
contrast-enhanced computed tomography (CT )5-!0!?_ Third 
is the timing of intervention, which is based on less precise 
criteria involving clinical judgement in conjunction with a 
variety of indicators. The latter include the APACHE II score??? 
and biochemical markers such as C-reactive protein'* and 
phospholipase A,'>. 

In 1983, Gebhardt et al. from Erlangen in Germany 
proposed that assessment of main pancreatic duct (MPD) 
integrity by endoscopic retrograde pancreatography (ERP) 
could be used to determine the mode of intervention'®. There 
is, however, little information on the state of the MPD during 





Based on a presentation to the Pancreatic Society of Great Britain and 
Ireland in Glasgow, UK, November 1991 and published in abstract form 
as Gut 1992; 33: 4426-8 
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the natural history of acute pancreatitis and how this might 
relate to therapy. 

This study reports the findings at ERP in 105 patients with 
acute pancreatitis in relation to outcome. 


Patients and methods 


A total of 105 consecutive patients who had undergone successful ERP 
during an attack of acute pancreatitis presenting to hospitals in 
Leicester and Dudley Road Hospital, Birmingham, in the 11 years to 
October 1991 were reviewed retrospectively. 

The ERP findings were compared with prognostic criteria of 
severity, CT and clinical outcome. The diagnosis of acute pancreatitis 
was based on an admission serum amylase level > 1000 units/] 
{Phadebas method: normal range 70-300 units/1) in the presence of a 
compatible clinical picture. The aetiology was established using 
previously described criteria”, The predicted severity of the attack was 
assessed using modified Glasgow criteria determined within 48 h of 
admission {Table 1). Complications were categorized as localized to 


Table 1 The modified Glasgow system used for prediction of severity 





Factors 

Age > 55 years Pio, < 8-0 kPa 
White cell count >15 x 10°) Albumin <32 g/l 
Blood glucose > 10 mmol/l Calcium <20 mmol/l 

Urea > 16 mmol’ Lactate dehydrogenase > 600 units/l 








Values were determined within 48 h of admission. P o, arterial partial 
pressure of oxygen. Predicted mild attack, 0-2 factors; predicted severe 
attack, 3-8 factors 
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the pancreas or systemic as previously described’”. A pseudocyst was 
defined as a fluid collection arising from within the substance of the 
pancreas (in contrast to a peripancreatic fluid collection adjacent to 
or distant from the gland ). Necrosis was classified as sterile or infected 
only if material was submitted for culture after debridement or 
percutaneous aspiration, An abscess was defined as a collection of pus. 

Endoscopic retrograde cholangiopancreatography (ERCP) and 
contrast-enhanced CT were performed using standard techniques'*~?°. 
ERCP was used in the first 95 patients to determine the aetiology with 
a view to endoscopic sphincterotomy (ES) for gallstone-related 
pancreatitis'* and in the last ten patients with the additional or sole 
purpose of examining the MPD. Similarly, CT was initially used as 
part of a prospective study?” (50 examinations ) and latterly in selected 
clinically severe cases?? (ten examinations). The extent of necrosis 
determined on CT was assessed by a consultant radiologist. All patients 
had abdominal ultrasonography performed on admission and then 
serially as the clinical picture dictated. 

Finally patients were divided into two groups for comparison of 
the ERP findings. Group 1 consisted of those with clinically mild 
pancreatitis or with a clinically severe attack but who did not require 
surgery for local complications; when available CT showed oedematous 
pancreatitis with <25 per cent necrosis. Group 2 consisted of patients 
with clinically severe pancreatitis who required surgery for localized 
complications, or who had > 25 per cent pancreatic necrosis determined 
by CT, surgery or post mortem. 


Results 


There were 89 patients in group 1, all of whom were well on 
discharge ( Table 2), There were nine patients with pseudocysts, 
which all resolved with conservative management. None of the 
pseudocysts showed direct communication with the MPD 
Twenty-four patients underwent ES for bile duct stones 
Eighteen patients (20 per cent) were hospitalized for >15 days 
(in two because of prophylactic cholecystectomy ); nine of these 
had > 3 prognostic factors (median for all 18 patients 2-5 (range 
0-6)); age was median 78 (range 38-86) years; 15 had 
gallstones and three idiopathic pancreatitis. In none of the 89 
patients was there evidence of MPD disruption. The duct often 
showed slight irregularities with blunting of side branches 
(Figure 1). There were no apparent complications after ERP 

There were 16 patients in group 2, three of whom were 
tertiary referrals (Table 3). The median age was 59 (range 
26-85) years. Ten patients had gallstones, one cholesterolosis, 
one had polyarteritis nodosa and four an alcoholic aetiology 
Four patients had ERP performed before 5 days after onset 
and all had non-disruption of the MPD (referred to as ‘normal’ 





Figure 1 Endoscopic pancreatography in a patient with oedematous 
pancreatitis shown by contrast-enhanced computed tomography. Note 
the blunting of side branches and irregularity and slight compression of 
the main pancreatic duct (arrow), especially in the head of the gland 


Figure 2 Endoscopic retrograde pancreatography showing the main 
pancreatic duct to be completely disrupted in the head of the gland. The 


corresponding computed tomography image hown in Figure 3 


Table 2 Details of patients in group 1, with clinically mild pancreatitis or clinically severe pancreatitis but no surgery required and who had < 25 per cent 


necrosis on computed tomography 





No. with > 
Sex ratio Age Prognostic prognostic 
Aetiology (M:F) (years )* factors* factorst 


Gallstones (n = 66)} 30:36 66 (23-88) 1-5 (0-6) 16 


Alcoholic (n = 7) 7:0 32 (20-46) 0 (0-3) 1 
Idiopathic (n = 16) 8:8 56 (20-83) 1 (0-5) 3 
Total (n = 89) 45:44 63 (20-88) 1 (0-6) 20 (22) 


à Interval Complicationst 


to ERP CT Hospital stay 
(days )* performedt Local Systemic (days)* 

6 (0-30) 37 7§ 22 10 (4-33 

15 (0-20) 4 0 0 6 (4-16) 
5°S (1-23) 7 2§ if 8 (5-26) 
6 (0-30) 48 (54) 9 (10) 3 (3) {4 





*Values are median (range); tvalues in parentheses are percentages. ERP, endoscopic retrograde pancreatography; CT, computed tomography 


tTwenty-four patients underwent endoscopic sphincterotomy including 12 who also had acute cholangitis; §all had 


pseudocysts but no active 


treatment was required; #one case each had cardiac failure and pseudo-obstruction; ®© respiratory failure 
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Figure 3 Contrast-enhanced computed tomography suggesting 90 per cent necrosis with remnant activity in the tail of the pancreas (sam 
in Figure 2). The degree of necrosis was confirmed at surgery 





Pseudomonas mitis, Enterobacter cloacae and Enterobacter spp 
in four cases one or more of these organisms were grown fron 
blood cultures preceding ERP. In the remaining five patient 
in group 2 who had ERP performed at 5 days or later, the 
MPD was not disrupted; the extent of necrosis wa 
25-50 per cent but surgery was required in only two for 
pseudocyst drainage and there were no deaths. An example of 
CT suggesting extensive necrosis in a patient who was manage 
conservatively on the basis of sterile growth on percutaneou 
cytology and culture and a non-disrupted MPD 

Figure 4 

It should be noted that of nine patients with pseudocysts i 


group 2, in only one did this communicate with the MPD 














Discussion 

Because this is largely a retrospective study, the data need 
Figure4 Contrast-enhanced computed tomography suggesting 50 per cent be interpreted with some caution. Nevertheless, the 
necrosis; pancreatography revealed an intact pancreatic duct and number of tentative conclusions that may be drawn. Fi 
percutaneous pancreatic aspirates confirmed necrosis but were negative disruption of the MPD did not occur in clinically mild case 
on bacterial culture (sterile necrosis) ere 2 | E aao eine f : i 

or in patients who did not require surgery for pancreatic 

necrosis. Pseudocysts, which occurred in nine patient TOUD 

1, all resolved on conservative management 
in Table 3). Two patients died, one from extensive necrosis Second, disruption of the MPD was not found within 5 day 
shown at post mortem and the other from a cerebrovascular of onset of an attack of acute pancreatitis even though ong 
accident (CT showed 30 per cent necrosis). Of the 12 patients patient died at 3 days with extensive necrosis. This observatior 
in group 2 who had ERP performed 5 days or more after onset, should be balanced, however, by the fact that only f itient 
seven had disruption in the head (n = 4), body (n = 2) or tail with necrosis had ERP within 5 days and also that the MPD 
(n = 1) of the gland. All seven required necrosectomy, in six was perhaps underfilled since the main purpose of ERCP in 
associated with infected necrosis (Figures 2 and 3), of whom the early part of the study was identification of bile duct stones 
one eventually died from septic complications. The organisms Third, this study suggests that MPD disruption may be 
grown were always of gut origin. The species identified were more common than previously realized in extensive pancreatic 
Escherichia coli, Streptococcus faecalis, S. mitis, Klebsiella spp.. necrosis as disruption of the duct was identified in 
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patients (44 per cent). Moreover, all seven patients with a 
disrupted MPD required surgery for pancreatic necrosis. 

There is surprisingly little information in the surgical 
literature regarding the state of the MPD in acute pancreatitis. 
Howard and Wagner?! reported 12 patients who underwent 
ERP at 10 weeks to 23 months after an attack of ‘massive’ 
pancreatic necrosis requiring surgery, in which the MPD was 
essentially normal in ten cases. These authors, commenting on 
their overall surgical experience with 31 similar cases, noted 
that ‘... communication of the peri-pancreatic cavity with the 
pancreatic ductal system, over the course of the natural history 
of the disease, was seldom demonstrable’. 

Gebhardt ef al. in their initial report'® described four 
different features of ERP along with morphological findings 
and with different surgical strategies in eight patients who 
required surgery on the basis of clinical criteria. These were: 
(1) normal MPD, associated with peripancreatitis only, treated 
by isolated necrosectomy; (2) isolated MPD disruption 
associated with peripancreatitis with an isolated fistula, treated 
by left resection of the pancreas including the fistula; (3) diffuse 
parenchymal staining, associated with total necrosis, treated 
by left resection of the pancreas; and (4) disruption in the head 
of the gland with necrosis perforation into the medial wall of 
the duodenum, treated conservatively. 

On the basis of ERP in an expanded series of 42 patients 
from Erlangen???}, three (7 per cent) were treated 
conservatively, 17 (40 per cent) by necrosectomy and 22 
(52 per cent) by resection plus necrosectomy. Deaths occurred 
in six (14 per cent) of these patients compared with 31 of 89 
(35 per cent) treated by necrosectomy without the benefit of 
ERP in the period immediately preceding its introduction. It 
is noteworthy that much of the experience of the Erlangen 
group did not involve the use of contrast-enhanced CT and in 
the latter part necrosectomy was combined with lavage. 

In the present study necrosectomy was routinely used with 
drainage or lavage and only one formal resection (in 
combination with necrosectomy) was undertaken. The 
experience of the present authors, although more limited than 
that of the Erlangen group, indicates that necrosectomy may 
be a satisfactory alternative to resection in cases of MPD 
disruption. 

Serum markers of severity are not always accurate indicators 
for surgical intervention?*, and while contrast-enhanced CT is 
accurate in determining the extent of necrosis, this does not 
always correlate with disease severity or clinical outcome***?. 
Although it is generally agreed that contrast-enhanced CT 
greatly facilitates planning and execution of surgery, many 
authors now stress that a CT finding of necrosis in patients 
with severe pancreatitis is not of itself an indication for 
operation?®~?°, Even the notion that infected necrosis is 
associated with a worse prognosis*° has been challenged by a 
recent study?! in which there was no difference in outcome 
between patients with sterile versus infected necrosis. 

The inadequacy of present diagnostic methods for a number 
of patients demands the development of additional techniques. 
It is conceivable that disruption of the MPD might prove to 
be an indicator for intervention as suggested by existing, albeit 
anecdotal, evidence?™ >, However, there is some concern that 
ERP may introduce infection into the pancreas. In the present 
study, four of six patients with infected necrosis had the same 
organisms grown from the blood before ERCP. In two 
randomized trials'7** of ERCP in gallstone pancreatitis, 
containing 283 patients, there was no evidence of an increased 
incidence of complications. Collectively over 1000 patients with 
acute pancreatitis have undergone ERCP with a mortality rate 
<2 per cent and morbidity rate <6 per cent**. Nevertheless, 
it must be stressed that ERP in severe acute pancreatitis must 
be undertaken by a skilled endoscopist in association with a 
specialist surgical unit and that the patient must be receiving 
systemic broad-spectrum antibiotics. In considering the 
pathogenesis of local necrosis and pancreatic pseudocyst. a 
distinction should be made between a pseudocyst communi- 
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cating with the MPD during acute pancreatitis and duct 
disruption with parenchymal staining by contrast as shown by 
ERP. A communicating pseudocyst in acute pancreatitis is rare, 
as compared with either acute on chronic, or chronic, 
pancreatitis°*®. In the present study, only one of 18 pseudocysts 
(6 per cent) communicated with the MPD and this was quite 
separate from extravasation into the parenchyma. CT in 
association with ERP is required to make an accurate 
evaluation. 

In conclusion, the integrity of the MPD seems to be 
maintained in mild pancreatitis. Significant peripancreatic 
necrosis may occur in association with an intact duct, although 
surgery is only sometimes indicated. In the present series, 
disruption of the MPD was always associated with extensive 
necrosis that required surgical intervention. 

Any future clinical role for ERP in the management of 
necrotizing pancreatitis will need to be determined by further 
prospective study. 
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Long-term follow-up after open 
cholecystectomy 


The long-term outcome of open cholecystectomy was investigated. 
Follow-up data at a median of 10 years were obtained from physicians’ 
records on 325 (92-6 per cent) of 351 patients treated for symptomatic 
gallbladder stones by open cholecystectomy between 1978 and 1980. 
One 79-year-old patient died after operation, from a pulmonary 
complication. Of the 325 patients, 81-5 per cent were currently 
asymptomatic or had not had symptoms during follow-up until death. 
Sixty patients (18-5 per cent) had complaints after 10 years. Stone 
recurrence was found in five patients (1-5 per cent); ten others 
(3-1 per cent) had biliary tract-related complaints during follow-up. 
Blood samples were obtained in 67-3 per cent of surviving patients with 
biliary complaints. There were no laboratory findings associated with 
biliary obstruction. Patients with typical symptoms of gallstone disease 
before surgery had significantly fewer complaints during follow-up than 
those with typical as well as atypical symptoms (14-8 versus 
26-5 per cent, P < 0:02). However, most of these complaints were not 
related to the procedure. It is concluded that the majority of patients 
reported no complaints or postcholecystectomy symptoms 10 years after 


Hospital, PO Box 5800, 6202 AZ 


Maastricht, The Netherlands surgery. 


Cholecystectomy is still the ‘gold standard’ for the treatment 
of symptomatic gallstones, especially after the introduction of 
the laparoscopic technique'*. However, postcholecystectomy 
symptoms have been reported** in 12—47 per cent of patients 
in follow-up periods ranging from 24 to 45 months. Follow-up 
in most studies of open cholecystectomy has been short, and 
such reports have been restricted mostly to a limited number 
of patients**. The number of patients suffering from 
postcholecystectomy symptoms and recurrent gallstone disease 
during prolonged follow-up is unknown. It has been suggested 
on the basis of a prospective study that a relationship exists 
between preoperative symptoms such as dyspepsia and outcome 
after surgery’. In contrast, a more recent cohort study did not 
confirm this>. The present study therefore evaluated complaints 
10 years after conventional cholecystectomy and attempted to 
relate these to preoperative symptoms. 


Patients and methods 


Patients 

Surgery for gallstone disease was performed on 490 patients during 
1978-1980. Open cholecystectomy was carried out in 351 (263 female 
and 88 male) patients. During this period another 139 patients 
underwent cholecystectomy and exploration of the common bile duct 
(CBD) for bile duct stones. These patients have been excluded from 
this study. 


Clinical assessment 

The medical records of all 351 patients were reviewed. Their median 
age at the time of operation was 56 (range 17-87) years; 128 were 
older than 60 years, Emphasis was put on the study of symptoms before 
surgery, patients being divided into two groups on the basis of 
symptoms recorded before operation. Patients in group 1 (n = 244; 
69-5 per cent ) had symptoms typical of gallstone disease, such as colicky 
pain in the right upper quadrant of the abdomen, in accordance with 
the Roma working group report’. 

Patients in group 2 (n = 107; 30-5 per cent) displayed complaints 
typical of gallstone disease and in addition atypical symptoms such as 
heartburn, indigestion, flatulence, gastritis and/or symptoms of 
gastro-oesophageal reflux disease (Table 1). All patients underwent 


Presented in part at the Fourth World Congress of the World Association 
of Hepato-Pancreato-Biliary Surgery in Hong Kong, June 1992 


100 


conventional open cholecystectomy. Peroperative cholangiography to 
exclude bile duct stones was performed routinely. Cholecystectomy was 
performed at the time of presentation with acute symptoms in 45 
patients (12-8 per cent) and as an elective procedure in 306 
(87-2 per cent). 


Table 1 Symptoms recorded in 351 patients before cholecystectomy 





Group 1* Group 2t Total 

(n= 244) (n=107) = (n = 351) 
History of recurrent jaundice 24 (9-8) 8 (75) 32 (9-1) 
Right upper quadrant pain 223 (91-4) 72 (673) 295 (84-0) 
Biliary colic 144 (59-0) 45 (42:1) 189 (53:8) 
Postprandial pain 116 (47-5) 48 (449) 164 (46-7) 
Nausea 127 (52-0) 57 (53:3) 184 (52-4) 
Dyspepsia 0 (0) 16 (15-0) 16 (4-6) 
Heartburn 0 (0) 46 (43-0) 46 (13-1) 
Gastritis 0 (0) 24 (22:4) 24 (68) 
Symptomatic gastro- 0 (0) 40 (37-4) 40 (11-4) 


oesophageal reflux 
Values in parentheses are percentages. *Patients in group | had only 


typical symptoms before cholecystectomy; f those in group 2 had typical 
and atypical symptoms before surgery 


Table 2 Symptom questionnaire 





Recurrent stones Yes/no 
Colicky pain in right upper quadrant Yes/no 
Jaundice Yes/no 
Cholangitis Yes/no 
Pancreatitis Yes/no 
Diarrhoea Yes/no 
Dyspepsia Yes/no 
Scar pain Yes/no 
Incisional hernia Yes/no 
Gastritis : Yes/no 
Ulcer disease Yes/no 
Gastro-oesophageal reflux disease Yes/no 
Irritable bowel disease J Yes/no 


Cause and date of death where relevant 





The general practitioner of every patient was asked to record whether 
or not each symptom had been reported by the patient after surgery 
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Table 3 Symptoms recorded in 325 patients at 10-year follow-up after cholecystectomy 














Biliary Laparotomy Atypical 
Group* No. Symptom-free Symptomst tract-related wound-related symptoms 
1 223 190 (85-2) 33 (14:8) 7 (3-1) 2 (0-9) 24 (10-8) 
2 102 75 (73-5) 27 (26-5) 8 (78) 2 (20) 17 (16-7) 
Total 325 265 (81-5) 60 (18-5) 15 (4-6) 4 (1:2) 41 (12-6) 








Values in parentheses are percentages. * Patients in group 1 had typical symptoms before cholecystectomy; those in group 2 had typical and atypical 
symptoms before surgery. {There were significantly more complaints in group 2 (x? = 5-58, 1 d.f., P = 0-018) 


Follow-up 

Relief of symptoms was studied by sending questionnaires to the general 
practitioners (GPs) of 291 patients (Table 2). If a patient’s GP could 
not be contacted, the questionnaire was sent to the patient and he or 
she was telephoned afterwards (replies received from 34). Follow-up 
covered a median of 10 years (range 4 months to 12 years) and was 
complete in 325 patients (92-6 per cent). The questions covered biliary 
tract symptoms, wound-related problems (hernia or scar pain) and 
atypical symptoms such as gastro-oesophageal reflux disease, gastritis 
and peptic ulcer. Blood samples were taken from surviving symptomatic 
patients for estimation of alkaline phosphatase, y-glutamy] transferase, 
glutamic—pyruvic transaminase and serum bilirubin. 


Results 


Clinical assessment 


Preoperative symptoms are shown in Table 1. One 79-year-old 
patient died after surgery from a pulmonary complication. 
Procedure-related complications such as bile leakage from a 
drain (n = 3), wound abscess (n = 4) and wound infection 
(n= 12) developed in 19 patients (5-4 per cent); other 
complications such as cardiac failure (n= 4), pulmonary 
infection (n = 12) and/or urinary tract infection (n = 11) were 
found in 27 patients (7-7 per cent). 


Follow-up 

Some 78 patients died after a median follow-up of 6 years (range 
4 months to 12 years). Eight of these patients had complaints 
before death and six suffered from symptoms suggestive of 
gallstone disease, although none was found to have residual 
stones. One of these patients underwent laparotomy and CBD 
exploration 4 years before death, but no abnormality was found. 
This patient later died from a myocardial infarction. Another 
patient suffered an episode of cholangitis, which was adequately 
treated with antibiotics, but the cause of death was in this case 
unknown. Two of the remaining four patients with complaints 
died from malignant disease; the other two died from cardiac 
disease. Two patients had had atypical complaints before death, 
but the cause of this was not associated with previous surgery 
for gallstone disease. 

At the time of the study 247 patients were alive. Fifty-two 
(21-1 per cent), of these had experienced complaints at some 
time after cholecystectomy or still have them at present. Nine 
patients had biliary tract symptoms; bile duct stones were found 
in five of these. Stones were treated endoscopically in three 
patients. The other two underwent CBD exploration resulting 
in stone removal. Four patients had laparotomy wound-related 
problems such as hernias (n = 2) or scar pain (n = 2) and 39 
had atypical symptoms. 

Blood samples were obtained from 35 of the 52 surviving 
symptomatic patients. Four patients showed raised levels of at 
least one liver function assay. Recurrent or new bile duct stones 
could not be completely excluded in these four patients, 
although the pattern of laboratory results made recurrent CBD 
stones unlikely. 

The relationship between preoperative symptoms and 
complaints during follow-up in the 325 patients is shown in 
Table 3. The 102 patients with a combination of typical and 
atypical preoperative symptoms (group 2) suffered proportion- 
ately more complaints (26-5 per cent) than the 223 with typical 
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symptoms before surgery (group 1) (14-8 per cent). No other 
significant association was found between preoperative findings 
(such as age, sex and indication for operation) and complaints 
during follow-up. 


Discussion 

This series achieved a nearly complete follow-up (92-6 per cent) 
of the original treatment group 10 years after cholecystectomy. 
This high percentage is the result of geographical circumstances 
and probably the fact that the questionnaire was sent to 
patients’ GPs. However, the present study differs from others 
in that it investigates only symptoms described before operation 
in the case records, and postoperative symptoms reported by 
the patient to their GP. The latter may have led to 
under-recording of postoperative symptoms. 

Regarding the relatively high proportion of postoperative 
complications (13-1 per cent) in the original 351 patients 
undergoing surgery it should be noted that these patients were 
operated on 10 years ago. The high proportion (28-4 per cent) 
of patients undergoing cholecystectomy and CBD exploration 
in this series might be because endoscopic retrograde 
cholangiography and endoscopic sphincterotomy were not 
available at that time. Operative cholangiography was 
performed routinely and, in case of doubt about the presence 
of CBD stones, bile duct exploration was undertaken. 

Of the patients who were followed up, 81:5 per cent did not 
consult their GP with abdominal symptoms related to previous 
gallstone disease during the 10 years after cholecystectomy. 
Sixty patients (18-5 per cent) remained symptomatic. This is 
lower than the numbers reported by other authors, although 
this may reflect differences in methodology**"*. Bile duct stones 
were found in five patients (1-5 per cent) and four other 
survivors showed symptoms that may have been associated 
with biliary tract disease, although blood samples in these 
symptomatic patients did not support a diagnosis of CBD 
stones. However, this does not exclude sphincter dysfunction 
in these patients. New bile duct stones have been reported?:* 
at a rate of 0-1 per cent. It is therefore concluded that the 
percentage of recurrent gallstones does not increase during 
10-year follow-up. 

Forty-one patients (12-6 per cent) were found to have 
symptoms that were not typical of biliary disease 10 years after 
surgery. Atypical symptoms have been observed in previous 
studies™ 58 in 12-47 per cent of patients after open 


cholecystectomy, with a mean follow-up ranging from 2 to 4 


years. The proportion with atypical symptoms in the present 
study (12:6 per cent) is lower than the 47 per cent in a recent 
prospective report*; this might be due to the retrospective 
nature of the present analysis and to differences related to the 
source of the information (patient or GP). Atypical symptoms 
were investigated in the questionnaire, but these were recorded 
by GPs for only 12-6 per cent of patients. 

It is possible that the outcome after surgery could be 
improved if patients were carefully selected for operation. 
Despite the inherent difficulty of a retrospective analysis of 
symptoms from case records, it was found that patients with 
typical biliary symptoms before operation developed signifi- 
cantly fewer complaints (14:8 per cent) than those who also 
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showed atypical preoperative symptoms (26-5 per cent). 
Further work is necessary in a prospective study to clarify the 
relationship between symptoms before surgery and outcome 
afterwards. 

Postcholecystectomy symptoms after the newer treatments 
for symptomatic gallstones such as laparoscopic cholecyst- 
ectomy, which is becoming the treatment of choice for this 
condition’, will probably be similar to those after the open 
operation because the gallbladder is also removed. Complaints 
such as incisional hernia and postoperative wound pain may 
be reduced!°, but these occur in only 1-2 per cent of patients. 
Symptoms before surgery (typical and atypical of biliary 
disease ) may help to determine the final outcome, as the present 
results and other studies? of conventional cholecystectomy 
suggest. It seems likely that preoperative symptoms such as 
dyspepsia will persist after surgery*, but further study is needed. 

In conclusion, in this retrospective study of the long-term 
outcome of open cholecystectomy, the majority of patients had 
not presented with any abdominal symptoms 10 years after 
surgery. Postcholecystectomy symptoms were mostly atypical 
and not related to biliary tract disorders. 
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Minimally invasive treatment for 
common bile duct stones 


The impact of endoscopic surgery on the management of stones in the 
common bile duct (CBD) was studied. All patients with proven common 
duct stones managed by a single consultant during a 21-month period 
were included. Of a total of 60 patients, 48 were referred because of 
symptoms or signs of calculi in the CBD and 12 were found to have 
common duct stones although symptoms were related primarily to the 
gallbladder. Of the 48 patients referred with common duct stones, 41 
(85 per cent) were successfully treated by endoscopic retrograde 
cholangiography (ERC) and endoscopic sphincterotomy (ES) (compli- 
cations were cholangitis (one patient), mild acute pancreatitis (one), 
impacted retrieval basket (one)). Of the remaining seven patients, two 
underwent open exploration (one after failed laparoscopic exploration) 


and five had successful laparoscopic duct exploration. One patient 


underwent laparoscopic exploration of the CBD but subsequently died. 
Of the patients with primary gallbladder symptoms, eight underwent 
preoperative ES, one was treated by laparoscopic duct exploration, one 
by conversion to open operation and in two patients duct stones were 
removed at postoperative ERC. The overall mortality rate was 2 per cent 
and the incidence of complications 12 per cent. Open exploration of the 
CBD was performed in three patients (5 per cent). This experience 
suggests that open duct exploration will become increasingly infrequent 


Mr M. J. McMahon 


There has recently been a revolution in the management of 
gallstones. A spectrum of minimally invasive procedures has 
brought into question the traditional approaches to both 
cholecystolithiasis and choledocholithiasis. Laparoscopic chole- 
cystectomy in the eyes of many is now the treatment of choice 
for cholecystolithiasis. In the hands of an experienced surgeon 
it is both safe and applicable to more than 95 per cent of patients 
with symptomatic gallstones’. 

The success of laparoscopic cholecystectomy has brought 
into focus problems with the management of duct stones, 
including those that present primarily with jaundice, 
pancreatitis or cholangitis and those found incidentally 
(secondarily) during the investigation or treatment of a patient 
with symptomatic gallbladder stones?. 

Should the traditional approach of open operation and 
common bile duct (CBD) exploration be followed ? How should 
the patient discovered to have duct stones during the course 
of laparoscopic cholecystectomy be managed? Can a policy of 
preoperative endoscopic retrograde cholangiography (ERC) in 
selected patients, coupled with intraoperative cholangiography 
at laparoscopic cholecystectomy, produce results comparable 
to those previously reported with open operation? Finally, will 
laparoscopic duct exploration provide a direct minimally 
invasive replacement for open duct exploration? 

In an attempt to answer some of these questions, a minimally 
invasive approach has been applied to the treatment of all 
patients with CBD stones who presented to one surgeon 
(M.J.McM.) during a 21-month period. During this period, 
with four exceptions, all patients who required surgery for 
gallbladder stones were offered laparoscopic cholecystectomy. 

The protocol described below represents the management 
policy at the beginning of the study period. With the increasing 
realization that laparoscopic duct exploration was a viable and 
useful tool, the approach to CBD stones in this unit is changing 
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and may be replaced by endoscopic surgery in the majority of patients. 


rapidly and it is envisaged that in the next 1-2 years the relative 
emphasis of endoscopic sphincterotomy (ES) and laparoscopic 
duct exploration will be reversed. 


Patients and methods 


Treatment protocol 

This report embraces all cases of choledocholithiasis managed by one 
surgeon since laparoscopic cholecystectomy was introduced as the 
routine management for gallbladder stones in June 1990. Patients were 
divided into two groups according to presentation of the CBD calculi. 


Primary presentation, This group included patients who presented 
with symptoms or signs such as jaundice believed to be caused by a 
stone in the CBD. Endoscopic stone clearance was the initial treatment 
in this group and surgical or laparoscopic exploration of the bile duct 
was used only when endoscopic methods failed. Laparoscopic 
cholecystectomy was carried out only when indicated for symptoms 
related to the gallbladder. Open operation was used early in the series 
before increasing experience with laparoscopic surgery enabled 
laparoscopic duct exploration to be offered as the method of choice. 


Secondary presentation. The presenting symptoms in this group of 
patients were related to stones in the gallbladder. Choledocholithiasis 
was identified in this group as a result of preoperative investigations 
or by operative cholangiography. Before laparoscopic cholecystectomy, 
ERC was carried out if one or more of the following criteria were 
satisfied: history of recent jaundice; raised liver enzyme levels; or 
dilatation of the CBD on ultrasonography. 

The treatment policy in this group was to remove identified stones 
before operation by endoscopic stone clearance 1 day before 
laparoscopic cholecystectomy. If this was unsuccessful the patient 
underwent duct exploration using laparoscopic techniques (open 
operation was used in the first few months of the study and in one 
emergency case). ` 

When duct stones were identified by operative cholangiography a 
decision was made to explore the duct at that operation or to proceed 
to ERC and endoscopic stone clearance about 3 weeks later. This 
decision was based on the age and health of the patient; if the patient 
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Figure 1 The curved choledochoscope introducer used during 
laparoscopic duct exploration 


Table 1 Details of patients with common duct stones 





Primary Secondarily 
symptoms of detected 
duct stones duct stones 
(n = 48) (n= 12) 
Sex ratio (M:F) 17:31 2:10 
Median (range) age (years } 56 (24-90) 52 (40-91) 
Presentation 
Jaundice 43 0 
Pancreatitis 5 0 
Biliary colic 0 10 
Cholecystitis 0 il 
Raised liver enzyme levels 0 4 
Management 
Endoscopic clearance 41 (85) 8 (67) 
Laparoscopic clearance 5 (10) 1 (8) 
Open duct exploration 2 (4) 1 (8) 
Postoperative endoscopic 0 (0) 2 (17) 


retrograde cholangiography 


Values in parentheses are percentages 


-was considered sufficiently fit to continue the anaesthetic then the duct 
was explored laparoscopically. Only in the elderly or infirm patient 
was delayed ES and duct clearance used. 


Technique of endoscopic stone clearance 


ERC was carried out in a routine manner, After sphincterotomy, stone 
clearance was carried out using retrieval baskets and balloons. If stones 
were large, the basket was exchanged for a mechanical lithotriptor. 
Nasobiliary drainage, mono-octanoin infusion and extracorporeal 
shockwave lithotripsy (ESWL) were used for large calculi resistant to 
mechanical lithotripsy. 

Difficulty with access to the CBD for initial cannulation 
or subsequent sphincterotomy was overcome by needie-knife 
sphincterotomy?. 


Technique of laparoscopic exploration of the bile duct 

Four routine cannulation sites for laparoscopic cholecystectomy were 
usedt. If the gallbladder was present a cutgut sling was passed around 
the cystic duct from the exterior to elevate this duct and keep it under 
tension. Small CBD stones were removed by a basket passed into the 
common duct through a transverse incision in the cystic duct under 
radiographic screening. Most small stones can be removed this way 
without the need for choledochotomy. With the use of sequential 
dilators passed through the cystic duct, a flexible choledochoscope can 
be introduced into the common duct*. The disadvantage of this 
technique is that the choledochoscope can be passed only into the CBD 
and not into hepatic ducts. 

For larger stones and those within the biliary tree proximal to the 
junction of the cystic and common hepatic ducts, a longitudinal 
choledochotomy was made using a neodymium yttrium—aluminium— 
garnet laser (Surgical Laser Technologies, Malvern, Pennsylvania, 
USA) and the calculi removed using a 5-mm choledochoscope (Pentax; 
Ashai Optical Company, Tokyo, Japan). Manipulation of the 
choledochoscope using a laparoscopic forceps is likely to damage the 
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coating of the flexible portion of the instrument and a curved 


‘introduction cannula (Surgical Innovations, Leeds, UK) is now 


employed (Figure 1). Large stones were fragmented using a 5-Fr 
electrohydraulic lithotriptor probe passed down the instrument channel 
of the endoscope (Richard Wolf Instruments, Tuttlingen, Germany). 
The remaining small fragments were removed by a combination of 
balloons and baskets passed through the choledochoscope. All ducts 
were visualized using the choledochoscope at the end of the procedure 
to ensure complete clearance. 


Patients 

The patient population for this study cotmprised two groups: those 
whose clinical problem was related directly to CBD stones and those 
whose primary problem was cholecystolithiasis and whose duct stones 
were discovered incidentally. 

The details of 48 patients who presented with primary duct stones 
are shown in Table 1. All underwent ES initially. 

During the study period 211 patients were listed for cholecyst- 
ectomy. A total of 207 underwent laparoscopic cholecystectomy; four 
patients did not undergo laparoscopic surgery: one was considered 
unfit for general anaesthesia and three required concomitant open 
procedures (none of these patients had CBD stones). 


Results 


Primary symptoms of common duct stones 


There were 48 patients with primary symptoms of CBD stones. 
All initially underwent ES and attempted endoscopic duct 
clearance. Successful duct clearance was achieved in 41 
(85 per cent). There were two complications of successful ES: 
mild acute pancreatitis and a short-lived episode of cholangitis. 
goth responded to conservative medical therapy and were 
without sequel. There were no deaths in this group of patients 
who had endoscopic duct clearance, from either the ERC or 
subsequent surgery. 

ERC was unsuccessful in seven patients, one of whom also 
had an episode of cholangitis. In one the stone extraction basket 
became impacted within the CBD and, as the mechanical 
lithotriptor was not available, emergency laparotomy was 
required. In the remaining six the stones could not be cleared 
from the duct and the patients proceeded to laparoscopic duct 
exploration, five in conjunction with cholecystectomy, on an 
elective basis. 

There was one death (2 per cent) following laparoscopic 
duct exploration. This was a 71-year-old woman with multiple 
medical problems in whom ERC and ESWL had failed to clear 
the common duct stones. She underwent laparoscopic 
exploration of the CBD but died from cardiac failure 3 days 
later; the operation was technically uneventful and autopsy 
showed no intra-abdominal pathology. In one patient, 
laparoscopic duct exploration was abandoned owing to 
equipment failure; an uneventful open operation was 
performed. In the remaining five the duct was successfully 
cleared of stones, a finding confirmed by choledochoscopy 
(83 per cent successful duct clearance rate). Five of these six 
patients were explored through a choledochotomy because 
large stones were present. One of these five patients had 
undergone previous open CBD exploration. 


Secondarily detected common duct stones 


A total of 207 patients underwent laparoscopic cholecystectomy, 
including 18 who had presented with primary duct calculi. 
There were no deaths and there were two conversions to open 
operation. Thirty-three of the 189 patients who presented with 
symptoms related to the gallbladder underwent preoperative 
ERC, the indication being previous jaundice in ten, a dilated 
CBD in eight and abnormal liver function test results in 17. Of 


‘the 156 patients who did not undergo preoperative ERC, 95 


underwent successful intraoperative cholangiography. The 
reason for failure to obtain a successful cholangiogram was 
usually the presence of a very small cystic duct that would not 
allow introduction of the cholangiography catheter. In these 
circumstances cholangiography was not vigorously pursued 
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because it was felt unlikely that any significant stones could 
have entered the common duct. 

Twelve patients with secondarily detected CBD stones were 
identified. Eight were recognized at preoperative ERC, all of 
whom were managed successfully by endoscopic duct clearance 
without complication. Four patients with duct stones were 
identified at intraoperative cholangiography. One underwent 
conversion to open duct exploration, one had successful 
laparoscopic CBD exploration through the cystic duct and in 
two elderly patients duct stones were cleared at postoperative 
ERC. 

Of the four patients whose duct stones were discovered at 
operative cholangiography, three were known to have a dilated 
CBD before operation; of the 156 patients in whom there was 
no indication for preoperative ERC, only one was subsequently 
found to have CBD stones. The three patients in whom no 
ERC was performed despite an appropriate indication represent 
a failure to adhere to the protocol described. 


Discussion 

There now seems to be little doubt that laparoscopic 
cholecystectomy is the procedure of choice for patients with 
symptomatic gallbladder stones!->:°, However, management of 
the patient with CBD stones is far more controversial. The 
adoption of a’management protocol that minimizes the need 
for open operation aims to decrease the morbidity and mortality 
associated with the traditional open approach. 

In treating a benign disease it must first be ensured that any 
new policy adopted does not incur a higher mortality rate. A 
few avoidable deaths will counter any benefit accrued from the 
application of minimally invasive techniques. In patients aged 
<60 years the mortality rate associated with open duct 
exploration is about 1 per cent, but in patients older than this 
the mortality rate rises steeply”’®. The mortality rate of ERC, 
sphincterotomy and duct clearance is around 1 per cent™!°, 
ERC and sphincterotomy has gained acceptance in the 
management of retained stones after operation or in the 
high-risk patient in whom one would wish to avoid surgery. 
The controversy surrounds the use of preoperative ERC in 
otherwise fit patients with the gallbladder in situ. On balance, 
taking all the available literature into consideration, there is 
no evidence that the use of ES increases mortality in the 
management of symptomatic CBD stones!°-!3. This view is 
supported by the present findings, which show that the adoption 
of a minimally invasive approach to the management of CBD 
calculi based on ES is safe, with no deaths in patients aged 
<70 years and an overall mortality rate of only 2 per cent. 

The use of ES, particularly in the younger patient, is not 
without problems'*. There is a theoretical but unproven risk 
of late distant complications in the liver, pancreas, stomach or 
colon as a result of alterations in bile salt turnover. When this 
protocol was devised there was no alternative to ES for the 
treatment of patients with choledocholithiasis by minimally 
invasive techniques. However, during the study. period it 
became possible to explore the CBD laparoscopically’*. In the 
seven patients in whom this was attempted the duct was cleared 
in six. The only failure was due to equipment breakdown and 
not a failure of the technique itself. While at present this 
procedure is fairly time consuming (median 200 min) it does 
not appear to affect adversely the recovery from surgery. The 
median stay after laparoscopic duct exploration was 2 days in 
the present study. We expect that operative time will fall with 
further technical advances and experience. 

The optimum method for clearing the duct laparoscopically 
has yet to be determined, but a combination of the techniques 
described here has enabled the successful treatment of small, 
large and multiple duct stones. The curved introducer is 
considered a significant advance because it both reduces the 
risk of damage to the choledochoscope and facilitates 
exploration of both the proximal and distal biliary tree. 
Technical advances such as ‘picture-in-picture’ video equipment 
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to enable the simultaneous display of both laparoscopic and 
choledochoscopic images will also enable more widespread use 
of this technique. It is envisaged that laparoscopic CBD 


` exploration will become the treatment of choice for common 


duct stones, particularly in patients aged «<50 years, with 
preoperative ES being reserved for the elderly high-risk patient. 
The management of patients whose primary problem is 


. symptomatic gallbladder stones is more contentious now that 


laparoscopic cholecystectomy is widely practised. The present 
policy of preoperative ERC in patients with a history of 
obstructive jaundice, dilated CBD or raised liver enzyme levels 
resulted in just one patient (0-6 per cent) being found to have 
unexpected CBD stones on operative cholangiography. Others 
have found that a selective policy has been associated with a 
similar incidence of unexpected duct calculi and has also 
reduced overall costs of treatment'®!7, Although it was not 
possible to perform cholangiography in all patients at 
laparoscopic cholecystectomy for technical reasons, no patient 
who did not have ERC before operation or intraoperative 
cholangiography has subsequently presented clinically with a 
common duct stone. Indeed, the inability to perform operative 
cholangiography because of a small cystic duct seems to be 
associated with a very low incidence of CBD stones. Others 
have advocated the routine use of preoperative cholangio- 
graphy'®. Although this examination is a sensitive way of 
detecting common duct stones’®, it does not enable the calculi 
to be dealt with before laparoscopic cholecystectomy. Indeed, 
if laparoscopic duct exploration were to become more widely 
available then the use of preoperative intravenous cholangio- 
graphy could conceivably be less useful. 

In conclusion, this study has shown, first, that more than 
95 per cent of patients with CBD stones can be managed 
successfully using minimally invasive techniques and, second, 
that the selective use of preoperative ERC and intraoperative 
cholangiography enables the safe use of laparoscopic 
cholecystectomy in all patients, with a low probability of missed 
CBD stones. Finally, and of more interest, is the finding that , 
laparoscopic duct exploration can be performed successfully in 
the majority of patients in whom it ts required. Open duct 
exploration is therefore likely to become a much less frequently 
performed procedure. 
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Plasminogen activator inhibitor 2 
reduces peritoneal fibrinolytic 
activity in inflammation 


Fibrinolysis in peritoneal tissue may play a role in the development of 
intra-abdominal adhesions. The plasminogen-activating capacity of 
human peritoneum results largely from the presence of tissue plasminogen 
activator (tPA). Inflammation reduces peritoneal plasminogen- 
activating activity and leads to the appearance of plasminogen activator 
inhibitor (PAI) type 1. The role of PAI-2 in the inhibition of peritoneal 
fibrinolysis during inflammation was investigated in this study. The 
plasminogen-activating activity of peritoneal biopsy homogenates 
(seven inflamed, seven normal), measured using a fibrin plate technique, 
was reduced in inflamed compared with normal tissue (median <0-07 
versus 13:9 units/cm?, P <0-01); tPA antigen levels were not 
significantly different (median 1-02 versus 1:34 ng/ml). PAI-1 and 
PAI-2 antigens were not detected in normal human peritoneum but were 
present in inflamed peritoneum (median concentration 8-8 ng/ml for 
PAI-1, 26-7 ng/ml for PAI-2). These inhibitors may be important 
factors in adhesion formation by contributing to the abolition of 
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Human and animal peritoneum possess fibrinolytic activity *?, 
which is reduced following physical, chemical and ischaemic 
trauma*~>, Fibrinous adhesions occur after such insults and 
the level of fibrinolytic activity may determine whether fibrin 
deposits are lysed, leading to resolution, or become organized 
into permanent fibrous adhesions®’. Tissue plasminogen 
activator (tPA ) is the principal plasminogen activator in human 
peritoneum, and plasminogen activator inhibitor (PAI) type 1 
may be responsible for the reduction in plasminogen-activating 
activity seen in inflammation’. 

PAI-2 is another member of the serine protease inhibitors 
(serpins)°:!°, PAI-2 differs from PAI-1 in its immunological 
reactivity, molecular weight, cellular origin and reaction rate 
with tPA. This study investigated the role of PAI-2 in the 
inhibition of peritoneal plasminogen-activating activity in 
inflammation. 


Patients and methods 


Patients 

Paired peritoneal biopsies were taken from seven patients undergoing 
elective abdominal surgery (normal controls) and from seven 
undergoing emergency surgery for appendicitis (n = 5) or perforated 
viscus (n = 2). Patients gave informed consent and the study was 
approved by the local hospital ethical committee. 


Biopsy technique 

Parietal peritoneum was biopsied as soon as possible after opening the 
abdominal cavity, using disposable 6-mm diameter biopsy punches 
(Stiefel Laboratories, Wooburn Green, UK). The disc of peritoneum 
was dissected off the underlying tissue, wrapped in foil and snap-frozen 
in liquid nitrogen before transfer to a freezer at —80°C. 


Preparation of peritoneal homogenate 

Peritoneal biopsy homogenates were prepared as previously described*. 
Briefly, biopsies were thawed rapidly at room temperature, weighed, 
rinsed in buffer and homogenized in buffer containing detergent (Triton 
X100; Sigma Chemicals, Poole, UK ). The homogenate was centrifuged 
at 12000g for 20 min and aliquots of the supernatant stored at — 20°C 
for no longer than 4 weeks before assay. 
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peritoneal plasminogen-activating activity. 


Plasminogen-activating activity assay 

The plasminogen-activating activity of peritoneal homogenates was 
determined using a standard fibrin plate assay'?. A solution of 
fibrinogen, plasminogen and buffer was clotted in the base of a Petri 
dish using bovine thrombin. Aliquots of 20 pl of peritoneal 
homogenates and standard dilutions of tPA (2nd International 
Standard; National Institute for Biological Standards and Controls, 
Mill Hill, UK) were placed in central wells cut in these fibrin layers. 
After overnight incubation at 37°C the zone of lysis around the central 
well was measured and the results expressed in units of tPA per square 
centimetre of peritoneum. The lower limit of sensitivity of the assay 
was 0-07 units/cm?. Plate lysis was abolished by prior heating at 80°C 
for 20 min, confirming that fibrinolysis was plasminogen mediated. 


Immunoassays 

The peritoneal homogenates were analysed for antigenic levels of tPA, 
PAI-1 and PAI-2 using enzyme-linked immunosorbent assays (Porton 
Cambridge, Maidenhead, UK ). The lower limits of detection for these 
assays were 0-75, 2:5 and 6-0 ng/ml respectively. Standard solutions of 
PAI-1 did not cross-react with the antibodies present in the PAI-2 kit 
or vice versa. 


Statistical analysis 
The Mann-Whitney U test and Spearman rank correlation coefficient 
(rs) were used. 


Results 


Median (range) plasminogen-activating activity was signifi- 
cantly reduced in inflamed peritoneum compared with normal 
tissue (<0-07 (<0-07-0-42) versus 13-9 (8-3-22-9) units/cm?, 
P < 0-01). There was no significant difference in median (range) 
levels of tPA (1:02 (<0-75-1:82) versus 1:34 (<0:75-1-50) 
ng/ml respectively). Neither PAI-1 nor PAI-2 was detected in 
normal peritoneum but both were present in samples from 
inflamed peritoneum (PAI-1 <2-5 versus 8-8 (range 2-7-21-0) 
ng/ml, P < 0-01; PAI-2 <6-0 versus 26-7 (range 10-3-106-5) 
ng/ml, P < 0-01) (Figure 1). The levels of the two inhibitors 
showed a positive correlation in samples of inflamed tissue 
(rs = 0-96, P < 0-001) (Figure 2). 
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Figure 1 Plasminogen activator inhibitor 2 (PAI-2) content of normal 
and inflamed peritoneal biopsy homogenates. Bars are medians 
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Figure 2 Correlation between plasminogen activator inhibitor (PAI) 1 
and 2 in inflamed peritoneal biopsy homogenates (n = 7). ts = 0-96, 
P < 0-001 


Discussion 


Functional fibrinolytic activity of peritoneum is affected by the 
levels of tPA, previously shown to be the major activator in 
peritoneum, and PAIs. Peritoneal plasminogen-activating 
activity is reduced in inflammation? and this is secondary to 
an increase in levels of PAI-1. The present study suggests that 
PAI-2 may also make a contribution to the reduced 
plasminogen-activating activity seen in inflammation. 

PAI-2 was first purified from placental tissue’?. It has since 
been isolated from the plasma of pregnant women!? and from 
a number of different cell lines such as monocyte/macro- 
phages!*!5, fibroblasts!®, and lymphoma!” and leukaemic!® 
cells. An inhibitor of fibrinolysis had been previously isolated 
from bovine peritoneal mesothelium but its identity was not 
known!9, 

The levels of PAI-1 and PAI-2 in cell lines, including cultured 
human omental mesothelial cells, can be increased by the 
presence of bacterial lipopolysaccharide and inflammatory 
mediators such as interleukin 1 and tumour necrosis 
factor?°-2*, Such molecules are probably present in the 
peritoneum following inflammation and may explain the 
presence of PAI-2 demonstrated in vivo. PAI-1 and PAI-2 would 
inhibit lysis of fibrinous deposits within the abdominal cavity 
and therefore promote adhesion formation. PAI-2 is a less 
efficient’ inhibitor of tPA than PAI-1 and may function as a 
reserve inhibitor of fibrinolysis within the peritoneal cavity. 

The levels of both PAI-1 and PAI-2 were raised in inflamed 
peritoneum, but their production is thought to be independently 
regulated, at least in human umbilical cord vein endothelial 
cells*?. 

This study provides further understanding of the mechanism 
controlling fibrinolysis in the peritoneal cavity. The use of 
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antagonists of PAIs may lead to the development of specific 
methods of adhesion prophylaxis and treatment. 
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The disadvantage of Hartmann’s procedure in the management 
of diverticular disease is that reversal is a major undertaking 
associated with significant morbidity and mortality. A number 
of patients refuse or are never considered fit and up to 
60 per cent do not undergo reversal!. A minimally invasive 
technique for reversal might offer advantages. 


Surgical technique 


A 60-year-old woman weighing 89 kg was admitted with generalized 
peritonitis. Laparotomy showed a perforated sigmoid diverticulum with 
purulent peritonitis. The left colon was mobilized proximal to the 
splenic flexure and 16 cm of colon, including the diverticular mass, was 
excised. The rectum was staple-transected at the peritoneal reflection 
and a left iliac fossa end colostomy constructed. The patient returned 
4 months later for restoration of colonic continuity. 

Reversal was carried out laparoscopically with the patient in the 
Lloyd-Davies position. The colostomy was mobilized through a 6-cm 
elliptical incision and after entry into the peritoneal cavity the 
descending colon was freed by sharp dissection until it could be 
delivered 10 cm from the abdominal wall. The distal 3 cm was resected 
and the head of a CDH29 circular stapling device (Ethicon, Edinburgh, 
UK) inserted. Adhesions to the anterior abdominal wall were mobilized 
under direct vision and two 10/11-mm Endopath cannulas (Ethicon) 
inserted under direct vision above and below the colostomy incision, 
after which the exteriorized colon with the CDH head was returned to 
the peritoneal cavity and the incision closed. Pneumoperitoneum was 
induced through one of these cannulas, obviating the need for blind 
insertion of Veress needle and trocar-cannula, a concern in 
reoperative surgery. The telescope was introduced through the upper 
cannula and adhesiolysis started. A third 10/11-mm port was 
established at the level of the colostomy in a ‘mirror image’ site on the 
right side. The uterus was retracted anteriorly using Endopath Allis 
graspers and the ureters identified in the retroperitoneum, which was 
not opened. The small bowel was mobilized out of the pelvis using the 
Endopath-Babcock, exposing the pouch of Douglas. The CDH29 was 
inserted anally to identify and project the rectal stump and the axle of 
the stapler head advanced through the apex of the rectal stump under 
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Figure 1 Port positions for the laparoscopic procedure 


direct vision. Through a fourth suprapubic 10/11-mm cannula the head 
of the stapler was approximated with the Babcock and anastomosis 
performed without tension and with two complete ‘doughnuts’. 
Integrity of the anastomosis was checked by recta! instillation of dye. 
The operating time was 95 min; no drain was used. The patient was 
discharged on day 5 and has had no late complications. 


Discussion 

In some patients, laparoscopic mobilization of the left colon 
and splenic flexure may be necessary but this had been carried 
out at the primary operation in the patient discussed. The whole 
operation, apart from colostomy mobilization, would be 
feasible laparoscopically but, with anticipation, mobilization of 
the left colon at the first operation facilitates reanastomosis. In 
a 5-year audit of Hartmann’s procedure for cancer’, the median 
hospital stay of those undergoing reanastomosis successfully 
was 17 (range 8—48) days. The laparoscopic procedure may 
lead to shorter hospital stay and increased patient acceptance. 
The technique may have limited application because of dense 
inflammatory adhesions in the pelvis and, as with other 
laparoscopic procedures, the surgeon must be prepared to 
convert to laparotomy if required. 
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Postoperative pain control using local or regional anaesthesia 
to supplement general anaesthesia is a topic of current interest. 
Wound infiltration, nerve blockade and caudal anaesthesia 
have been used successfully in paediatric surgical operations 
and are particularly well established in inguinal procedures'~?, 

In appendicectomy, one of the most common operations in 
children and adults, intercostal blockade has been used* but, 
although the standard muscle-splitting incision lends itself to 
wound infiltration, this technique has been little used. This 
study reports a controlled trial designed to assess the efficacy 
of wound infiltration after appendicectomy in children. 


Patients and methods 


The protocol was approved by the Hunter Area Research Ethics 
Committee and all parents gave informed consent. 

The patients were children 5-14 years of age under the care of the 
author who underwent appendicectomy with the clinical diagnosis of 
uncomplicated acute appendicitis. The upper age limit was dictated by 
the author’s paediatric surgical practice and the lower limit by the 
degree of cooperation that could be expected ofa child in the assessment 
of postoperative pain. 

The following patients with appendicitis were excluded from the 
trial: those whose parents refused consent (only one did so); those 
with clinical or operative evidence of complicated appendicitis such as 
perforation, peritonitis or abscess; and those in whom the protocol 
was inadvertently breached. 

A standard premedication (Omnopon-Scopolamine — papaveretum 
320 wg/kg and hyoscine hydrobromide 64 yg/kg; David Bull 
Laboratories, Mulgrave, Victoria, Australia) was given by intra- 
muscular injection 1h before operation. Anaesthetic technique was 
standardized and intraoperative narcotic agents avoided. All patients 
received preoperative and peroperative antibiotics, usually cefoxitin. 
Operations were performed by the author or a senior registrar, using 
a consistent technique involving a skin crease incision and a McBurney 
gridiron muscle-splitting approach. 

Identical numerically identified randomized ampoules of bupivacaine 
0-25 per cent or normal saline were used consecutively. After closure 
of the peritoneum, the trial fluid was injected into the plane between 
the internal oblique and transversus muscles, upwards and laterally to 
achieve blockade of the intercostal nerves supplying the wound. The 
muscular belly of the external oblique and the subcutaneous tissues 
were infiltrated, using a total dose of the trial fluid of 0-5 mi/kg. 
Aspiration was performed before each injection to avoid intravenous 
injection of bupivacaine. 

In the postoperative period, pain relief was afforded by intermittent 
intramuscular narcotic injections. The recovery and ward nursing staff 
used their ordinary clinical judgement to decide on administration of 
analgesia. 

Postoperative pain was measured by several methods and was 
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appendicectomy in children. Sixty children entered the trial and 52 
completed it; they were randomized to receive bupivacaine or placebo. 
Assessment of postoperative pain using a numerical scoring system was 
made by the child, the recovery sister and the ward sister, and by 
measurement of the time between the end of the operation and the need 
for narcotic injection. Analysis revealed significantly less pain 
(P < 0-03) in the immediate postoperative period in the treated group. 
The use of bupivacaine wound infiltration as a supplement to other 
current methods of pain control is recommended. 


Postoperative pain relief using bupivacaine 


REPORT FORM 


No. In study.....-2---06, Date... ccc ceceecweeee 
N@M@.. 2. scceecescccceaesenesaes AGC. ccewuescrcvcennes 
Premedication.......ccceeeeceeceee 

Operative findings... .1.sce eee e ween ence cece ee ee ee ee ce eeeene 
1. Recovery sister's assessment Score 


SOFO ~ 


2. Ward sister's assessment 


C558) ~- 


3. Child's assessment next day 


SOOO) “~ 


4, Did the patient need an Injection 
of narcotic in the early postoperative 


perlod? 

In the first 1h 6 

2h 5 

3h 4 (0-6) ..... 

ah 3 

5h 2 

6h 1 

>6 h or none 0 

5. Which was worse, the palin Before 0 


before or after operation? After 2 (0-2) 
Non- 1 
committal 


Total 


Figure 1 Report form 
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recorded on a score sheet (Figure 1). Visual analogue scales as described 
by Maunuksela and colleagues? constituted the first method 
(parameters 1-3, Figure 1). The recovery sister assessed the child after 
waking from anaesthesia and gave a score of 0-4 according to 
assessment of the pain (parameter 1, Figure 1). The child stayed in 
recovery for 1-5h. On return to the children’s ward, the ward sister 
gave a further assessment using the same method (parameter 2, 
Figure 1). Next day, when fully recovered, the child gave his or her 
own assessment of the pain experienced on waking from anaesthesia, 
again using the visual analogue method (parameter 3, Figure 1). 

The second method was based on the interval between the end of 
the operation and the first narcotic injection, if any (parameter 4, 
Figure 1). The score (0-6), not the actual time, was used. 

The third method of pain measurement was self-assessment by the 
child when asked next day to compare the severity of preoperative and 
postoperative pain, using a score of 0-2 (parameter 5, Figure 1). 

The sum of scores for parameters 1—5 was also taken, this total 
being <20. 

Results were analysed using an IBM computer with the Minitab 
statistical package (Minitab V 7.1; Minitab, Pennsylvania, USA). 


Results 


Sixty patients entered the trial. Eight were excluded because of 
breach of protocol (premedication not given, narcotic used 
during anaesthesia, peritonitis found at operation). Twenty- 
four received bupivacaine, 28 saline (Table 1). There were 32 
boys and 20 girls. 

Forty-four (85 per cent) of the patients had histologically 
proven appendicitis, 22 in each group. Only one child had a 
superficial wound infection; this patient received saline 
(Table 1). 

Table 2 shows the mean scores for each parameter assessed. 
There was no difference between pain scores reported by boys 
and girls, and all children tended to record a middle value 
(usually 2) for parameter 3. The total score was significantly 
lower (P = 0-028) in the bupivacaine-treated group. The time 
interval between operation and narcotic injection was also 
considerably longer in the bupivacaine-treated children 
(P = 0-015). The total number of injections needed in the whole 
of the postoperative period was the same in treated and control 
groups (mean 1-9). 


Table 1 Comparison of treated and control groups 


Bupivacaine Saline 

(n = 24) {n = 28) 
Sex ratio (M:F) 17:7 15:13 
Mean age (years) 103 9-4 
Acute appendicitis 22 22 
Other pathology 1 1 
Normal appendix 1 5 
Wound infection 0 1 


There were no statistically significant differences between the groups 


Table2 Pain scores recorded for each item on the report form (Figure 1) 


Bupivacaine Saline 
Pain score parameter (n = 24) (n = 28) 
1 0-8 14 
2 1-1 1-6 
3 1:8 21 
4 0:8 22 
5 : 0-5 0-5 
Total 5-0(3-7)* THAT) 





Values are mean(s.d.). *P = 0-028 (two-sample t test) 
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Pain relief after appendicectomy: J. E. Wright 
Discussion 
It has been shown that the injection of the long-acting local 
anaesthetic bupivacaine after appendicectomy in children 
affords pain relief in the early postoperative period and delays 
the need for narcotic injection. This technique is not an 
alternative to narcotic injection but a valuable adjunct that 
allows the patient to wake more comfortably. It is simple to 
administer and safe, provided due attention is given to dosage 
and to avoiding intravenous injection. It does not predispose 
to wound infection. 

Bupivacaine infiltration of the wound is a worthwhile 
supplement to current methods of postoperative pain relief. 
Even if it only delays the need for postoperative analgesia, it 
helps the child through the critical recovery period by easing 
the pain experienced on waking from the anaesthetic. If 
patient-controlled analgesia is to be used, peroperative local 
anaesthesia allows the patient to recover sufficiently to use the 
device effectively. 

At the present time, bupivacaine is the longest acting local 
anaesthetic available. Loder® reported that its duration of 
action was prolonged by the addition of dextran, although 
Armstrong and Kingsnorth’ did not confirm this. Tverskoy et 
al.” studied postoperative pain after herniorrhaphy in adults 
and showed that the use of local or spinal bupivacaine combined 
with general anaesthesia afforded pain relief for a prolonged 
period well beyond the duration of its pharmacological action. 
They postulated that the local anaesthetic ‘suppresses the 
formation of the sustained hyperexcitable state in the central 
nervous system that is responsible for maintenance of 
postoperative pain’. 

The present study demonstrates a clear reduction in pain 
score and delay for analgesic requirement in children who 
received infiltration of the wound with bupivacaine after 
appendicectomy. 
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The pathogenesis of postischaemic renal injury remains unclear. 
Anoxia may play an initiating role but tubular cell swelling, 
tubular obstruction, venous outfiow obstruction and reduced 
cortical blood flow have all been implicated in the process. 
Other experiments*-!° have shown that a medullary perfusion 
defect develops after reperfusion, and oxygen free radicals may 
be causative and play a role in the pathogenesis of postischaemic 
renal failure. Saline, mannitol, inosine, frusemide, allopurinol, 
superoxide dismutase and verapamil have all been used 
experimentally or clinically with varying degrees of success to 
modulate this injury?'*. 

Fitzpatrick et al.15 demonstrated that oral administration 
of 2 per cent sodium bicarbonate for 2 weeks before ischaemia 
provided effective postischaemic functional protection. Atkins!® 
showed the same protection using oral bicarbonate for 3 days 
before experimental ischaemia. Acute intravenous bicarbonate 
loading has been used prophylactically and therapeutically for 
acute renal failure in the clinical setting'’-'°. There are, 
however, few experimental data on the effects of intravenous 
sodium bicarbonate as a single dose immediately before renal 
ischaemia. 

The aims of this study were: to determine the protective 
effect of intravenous 8-4 per cent sodium bicarbonate 
administered immediately before experimental renal ischaemia; 
to define the timing of injections required for protection to 
occur; to assess the effects of this treatment on medullary 
vascular perfusion and systemic and urinary acid—base balance; 
and to exclude a direct effect of sodium loading per se by 
inclusion of a control group treated with 3 per cent saline. 


Materials and methods 


Under halothane anaesthesia, acute unilateral renal ischaemia was 
induced in six groups of ten male Wistar rats. The animals were aged 
3-4 months and weighed (mean(s.d.)) 250(50)g. Groups 1-3 
underwent ischaemia for 45 min and groups 4-6 for 90 min. At 3h 
before ischaemia, animals were given I ml 8-4 per cent sodium 
bicarbonate intravenously (groups 1 and 4), 1 ml normal saline (groups 
2 and 5) or 2 mi 3 per cent saline (groups 3 and 6). The decision to 
give treatment at 3 h before ischaemia was based on a pilot study that 
showed inadequate protection if given at 1 or 2h. Solutions were 
administered via the sublingual vein using a brief halothane anaesthetic. 
At the end of the ischaemia period, contralateral nephrectomy was 
performed. 

Serum creatinine levels were measured before operation and 1, 3 
and 7 days after ischaemia. The rats were killed on day 7 and the 
kidneys removed and examined histologically. If death occurred before 
day 7, the date and time were noted and the kidney harvested for 
histological examination. In a separate group of five bicarbonate- 
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renal function after ischaemia was evaluated in rats subjected to 45 or 
90 min warm unilateral renal ischaemia. Two groups of control animals 
received normal or 3 per cent saline. All solutions were given by bolus 
injection 3 h before ischaemia. Renal function was significantly protected 
in animals receiving bicarbonate. Vascular congestion of the inner stripe 
of the renal medulla was prevented. The survival rate in the group 
undergoing 90-min ischaemia was 70 per cent for animals receiving 
bicarbonate and nil in those given saline. Preoperative alkalinization 
confers significant functional and morphological protection in the 
ischaemic kidney. 


treated rats subjected to 90-min ischaemia, the kidneys were harvested 
on day 4. 

Histological sections were examined at low and high power after 
staining with Marsh’s scarlet blue stain. A vascular congestion index 
(VCI) was generated for each of the four vascular regions of the kidney 
(cortex, outer and inner stripes of medulla, inner medulla) by adding 
the total number of congested blood vessels per low-power field (10 x 
magnification) seen in ten low-power fields in each vascular region. 
This procedure was automated using the Kontron Mopp Videoplan 
Image Analyser (Kontron Electronics, Munich, Germany). 

In the second limb of the experiment, the effects of the pretreatments 
on blood and urinary acid—base balance and 24-h urinary sodium 
excretion were assessed. Four groups of five male Wistar rats were 
placed in metabolic cages for 24 h and allowed free access to food and 
water. Urine was collected for 24 h for pH measurement and baseline 
sodium excretion determination. After treatment with sodium 
bicarbonate, normal saline or 3 per cent saline, pH and baseline sodium 
excretion were measured again. The control group received no 
treatment. At 3h after treatment 2 ml carotid blood was obtained for 
acid—base studies. 

Serum creatinine values for each group are given as mean(s.e.m.). 
Statistical comparisons between control and bicarbonate-treated 
animals were made using one-way analysis of variance, followed by 
tests between individual means by Fisher’s least significant differences 
criterion if the overall F value was significant. The data on the VCI 
and urine acid—base studies were analysed similarly. 


Results 


All rats in groups 1-3 survived 7 days after operation, 
demonstrating that 45-min ischaemia was a sublethal insult. 
The extent of renal functional damage as assessed by day 3 
peak serum creatinine levels was, however, significantly less 
(P < 0:001) in the sodium bicarbonate-treated animals 
(Figure 1). Rats in group 4 (pretreated with sodium 
bicarbonate) showed significant protection against 90-min 
renal ischaemia compared with controls and saline-pretreated 
animals (P < 0-001) (Figure 2). 

The 7-day survival rate in group 4 was 70 per cent, three 
rats dying on the fourth day after operation. All animals in 
groups 5 and 6 died on the fourth day after operation. Median 
survival times for group 5 and 6 animals were 80 and 79h 
respectively, compared with 82 h for the three group 4 animals. 
The remaining seven rats in group 4 were killed as planned. 

Blood pH and bicarbonate levels 3h after bicarbonate 
administration demonstrated a systemic alkalosis compared 
with the normal and 3 per cent saline controls. This was reflected 
in the pH of the urine in the first 24 h after treatment (Table 1). 
There was no significant difference in 24-h urinary sodium 
excretion between sodium bicarbonate- and 3 per cent 
saline-treated animals. 
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There were no macroscopic differences in the appearance of 
bivalved kidneys from groups 1, 2 or 3. Histological 
examination showed no evidence of congestion in any of these 
rats. Examination of kidneys from groups 5 and 6 demonstrated 
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Figure 1 Mean(s.e.m.) serum creatinine levels after 45-min ischaemia 
in rats given 0-9 per cent saline (ẸJ), 3 per cent saline (W) or sodium 
bicarbonate (O). *P < 0-001 (one-way analysis of variance) 
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Figure 2 Mean(s.e.m.) serum creatinine levels after 90-min ischaemia 
in rats given 0-9 per cent saline (1), 3 per cent saline (MB) or sodium 
bicarbonate ((]). *P < 0-001 (or-way analysis of variance) 
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Figure 3 Mean(s.e.m.) vascular congestion index (VCT) after 90-min 
ischaemia in rats given 0:9 per cent saline (FJ), 3 per cent saline (@) 
or sodium bicarbonate (O). *P < 0-001 (one-way analysis of variance) 
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a characteristic dark discoloration in the inner stripe of the 
outer medulla. This lesion, clearly visible to the naked eye, was 
confirmed histologically to be caused by red cell packing in the 
peritubular capillaries of the inner stripe of the outer medulla. 
In group 4 rats, the cortex, inner and outer stripe, and inner 
medulla were of normal macroscopic appearance. 
Histological examination demonstrated that vascular 
congestion was most marked in the inner stripe of the medulla 
in rats from groups 5 and 6. This congestion was absent in 
animals from group 4. Measurement of the VCI in control and 
test kidneys showed similar cortical and outer stripe staining 
in all three groups (Figure 3). The VCI for the inner stripe and 
inner medulla was significantly less in the bicarbonate-treated 
animals compared with both saline groups and in the 3 per cent 
saline group compared with controls (P < 0-001). The separate 
analysis of variance at each time gave differences that were 
significant even after Bonferroni correction for the multiple tests 
over time, making it unlikely that the results are artefactual. 


Discussion 

A characteristic series of changes occurs in the kidney after a 
significant period of ischaemia followed by reperfusion. A 
marked decrease in glomerular filtration and inner medullary 
blood flow is seen, with a relative preservation of cortical and 
total renal blood flow?®™??, As early as 10min after 
recirculation, the peritubular capillaries of the inner stripe of 
the outer medulla become packed with red blood cells?°. 
Because the exact course of ischaemic damage to the kidney 
is incompletely understood, many protective agents have 
been used. Mannitol prevents ischaemia induced by cell 
swelling''!+!3, and inosine may act by maintaining levels of 
purine nucleotides during ischaemia, allowing more rapid 
synthesis of adenosine 5’-triphosphate following reflow!?. A 
direct vascular effect of inosine may also be involved':?°. 
Oxygen-derived free radicals may be important in the 
ischaemia—reperfusion injury™!°. Cell swelling, increased 
capillary permeability and medullary hyperaemia could be 
produced by the excessive generation of oxygen free radicals 
following re-establishment of the renal circulation. 

Sodium bicarbonate has a protective effect in various forms 
of renal injury'”!° but there are few data on its method of 
action and in particular on the potential benefit of a single 
prophylactic dose administered immediately before elective 
surgical ischaemia. In the first study’? on the effects of 
bicarbonate on ischaemic renal injury, it was postulated that 
ammonia accumulation during ischaemia may cause post- 
ischaemic renal injury and that prevention of ammonia 
formation by urinary alkalinization might be protective. The 
possibility that ammonia might injure the kidney arose from 
the observation that toxic levels accumulate in the kidney and 
renal vein during ischaemia, produced by the action of the 
glutaminase enzyme system in the tubular cells at the 
corticomedullary junction. This enzyme converts glutamine to 
glutamic acid, leading to production of free ammonia. During 
ischaemia, glutaminase is not initially inhibited and production 
of ammonia continues, leading to toxic levels. Ammonia is 


Table 1 Blood pH and bicarbonate levels 3 h after pretreatment and urine pH and sodium excretion levels 24 h after pretreatment 














Blood Urine 
Bicarbonate level Sodium excretion 
Pretreatment pH (mmol/I) pH (mmol per 24 h) 
Sodium bicarbonate 7:39(0-01)* 34-2(1-3)* 7-1(0-3)* 381-5(49-2 t+ 
0-9% saline 7:22(0-22) 26°5(2-0) 6:2(0:4) 126-2(19-1) 
3% saline 7:24(0-03) 27-:1(1:9) 6°1(0-2) 366-0(37-0)t 
Controls 7-25(0-02) 25-4(6-4) 6:4(0-4) 98:7(19-0) 





Values are mean(s.e.m.). *P < 0-01 (sodium bicarbonate versus both saline groups); tP < 0-001 (sodium bicarbonate and 3 per cent saline versus 
0-9 per cent saline); one-way analysis of variance 
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nephrotoxic?*-2*, causing inhibition of renal uptake of oxygen 
and p-aminohippuric acid and reducing renal creatinine 
clearance. Urinary alkalinization inhibits the main part of the 
glutaminase enzyme system and prevents potentially toxic 
effects of ammonia accumulation during ischaemia”. The 
present study shows that the effect is a local renal one, confirms 
that systemic alkalosis is not required and indicates that the 
protective effect is not based on volume expansion or sodium 
loading. 

It has been shown*~ that postischaemic renal failure is 
associated’ with a medullary perfusion defect that occurs 
following reperfusion of the ischaemic kidney. This lesion, 
which is caused by red blood cell trapping in the peritubular 
capillaries of the inner stripe of the outer medulla, was prevented 
in rats treated with 8-4 per cent sodium bicarbonate. The 
prevention of this lesion is associated with a significant 
improvement in postischaemic renal function, which appears 
to result from maintenance of inner medullary vascular 
perfusion®. Oxygen free radical scavenging agents also diminish 
the severity of this vascular lesion’® and there may be a 
connection between these observations. Radical generation is 
dependent on the action of enzymes such as the protease that 
converts xanthine dehydrogenase into xanthine oxidase, which 
in turn converts hypoxanthine to xanthine along the pathway 
of free radical production. The activity of the ammonia- 
generating enzyme system and the activity of free radical- 
generating enzymes may be inhibited by alkalinization of the 
bathing tubular fluid. This hypothesis is currently the subject 
of further investigation. 
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Simultaneous dynamic 
electromyographic proctography 
and cystometrography 


The rectum and bladder share a common origin and work in harmony; 
disturbance in one may lead to a similar problem in the other. The two 
have, however, not previously been investigated dynamically and 
simultaneously. A new system has been devised allowing dynamic 
integrated electromyographic proctography to be performed simul- 
taneously with cystometrography in 41 patients (28 women and 13 men). 
Of 16 women with chronic constipation who underwent the combined 
study, ten were shown to have obstructed micturition. Eight of these 
ten women exhibited an inappropriate contraction of the puborectalis 
muscle during micturition, compared with one of the six with normal 
micturition (P = 0-02). Of the patients with obstructed micturition, 
seven of eight women with a rectocele also had anismus, compared with 
none of four women with a rectocele among those who were able to 
micturate normally (P = 0-02). Eight of the ten women with obstructed 
micturition thus had a proctological abnormality that explained the 
urological symptoms. Of 12 women with idiopathic faecal incontinence 
who underwent the combined study, eight were shown to have genuine 
stress incontinence of urine. In seven of these the severity was shown 
to be of type 2a or greater, indicating that pelvic floor dysfunction may 
be the causal factor of both rectal and urinary symptoms. The combined 
study shows abnormalities in one system that could explain similar 


Urology, The Freeman Hospital, 
Newcastle upon Tyne NE7 7DN, UK 


The bladder and rectum share a common embryological origin 
in the cloaca. Not surprisingly, the motor nerve supply of each 
arises from the pelvic parasympathetic outflow (S2-S4). In 
addition, the external anal sphincter and external urethral 
striated sphincter are both innervated by the pudendal nerve. 
In health the bladder and rectum function in harmony. Both 
systems are, however, usually viewed as separate clinical 
entities: the effect that one may have on the other is rarely 
considered. Recent evidence suggests that a disorder in one of 
these systems may be accompanied by a similar problem in the 
other!~*. Despite such data, bladder and anorectal studies are 
invariably performed separately, by different specialists on 
different occasions, even when patients complain of both 
urinary and rectal symptoms. Such isolated investigation is 
unlikely to detect any influence of the rectum on bladder 
function. : 

A new technique has therefore been developed, in which 
rectal and vesical function are monitored simultaneously 
and dynamically, using simultaneous dynamic integrated 
electromyographic (EMG) proctography and cystometro- 
graphy. This combined technique enables simultaneous 
manometric monitoring of the rectum and bladder, electro- 
myography of the puborectalis muscle, and radiological 
visualization not only of the rectum at rest and during 
defaecation, but also of the bladder during filling and 
micturition. 


Patients and methods 


Patients 
Ali patients who underwent the combined study complained of both 
proctological and urological symptoms. A full evaluation of the bowel, 
urological and past medical history was made in each. Women were 
also questioned in detail on past gynaecological and obstetric history. 

A total of 41 patients (28 women, 13 men) underwent anorectal 
manometry, proctometrography and the combined study. Patients were 
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symptoms in the other. 


divided into two groups: 23 with constipation and urinary symptoms 
(16 women of mean(s.e.m.) age 48-1(3-8) years, seven men of 
mean(s.e.m.) age 55-1(5-4) years) and 18 with faecal incontinence and 
urinary symptoms (12 women of mean(s.e.m.) age 58-4(4-5) years, six 
men of mean(s.e.m.) age 49-0(5-5) years). 

Of the 16 constipated women, ten had to digitate to evacuate the 
rectum, all 16 had a feeling of incomplete evacuation after defaecation, 
and 15 regularly used laxatives. Eight of the women had obstructed 
defaecation, four had constipation due to slow transit and two had a 
combination of these two factors. In the two remaining women the 
aetiology was unknown. Of the seven constipated men studied, four 
had to digitate to evacuate, six had a feeling of incomplete evacuation 
after defaecation, and four used laxatives regularly. Four of the men 
had obstructed defaecation, two had constipation due to slow transit, 
and one suffered from a combination of these two factors. 

Of the 12 faecally incontinent women studied, six had a history of 
constipation and ten were multiparous. Six were incontinent to solid 
stool and six to liquid only. Eleven of the women were thought to 
have neurogenic faecal incontinence, the remaining patient having a 
history of traumatic tear during labour. Of the six faecally incontinent 
men studied, five were incontinent to solid and liquid faeces and one 
to liquid only. Two of these patients had a record of constipation and 
three had a neurological history (spina bifida, transverse myelitis and 
dystrophia myotonica ). l 

The duration of proctological and urological symptoms and type 
of the latter are shown in Tables 1 and 2 respectively. Constipated 
women had significantly more hesitancy and straining than faecally 
incontinent women (P = 0-02), suggesting that the former were more 
likely to have symptoms of obstructed micturition. Eight of the 16 
constipated women had symptoms of stress incontinence of urine, 
compared with eight of the 12 faecally incontinent women (P not 
significant). 

Ethical approval was granted by the Tower Hamlets Ethical 
Approval Committee. 


Methods 


Anorectal manometry and proctometrography. Anorectal manometry 
was performed by a station pull-through technique using a 
water-perfused balloon mounted on a catheter (external diameter 
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25mm), with the patient in the left lateral position®. The 
water-perfused system was connected to a pressure transducer, which 
was linked to an MX 4P-145 amplifier and 5045-50 recorder (all from 
Lectromed (Oromed), Welwyn Garden City, UK). Maximum basal, 
squeeze and squeeze increment pressures were recorded. Rectal 
compliance, minimum perceived volume, defaecatory desire volume, 
and maximum tolerated volume were each measured by balloon 
proctometrography®. 


Combined study and measurement of anorectal angles. This study 
was carried out in the anorectal radiology suite. Each patient was asked 
to micturate to empty the bladder. With the patient lying in the left 
lateral position on the fluoroscopic screening couch 60 ml barium 
sulphate suspension was introduced into the rectum through a 12-Fr 
Foley catheter. The catheter was held in place by inflating a 5-ml 
balloon and by placing a small pair of arterial forceps across the catheter 
at the anal verge. Anorectal angles were measured at rest, and during 
squeeze and strain. 

After the anorectal angles had been measured the catheter was 
removed, but the barium suspension was left in place so that the rectum 
could be visualized during subsequent bladder filling. With the patient 
still in the left lateral position, two fine-wire EMG electrodes 
(polytetrafluoroethylene-coated stainless steel; Clark Electromedical 
Instruments, Reading, UK.) were inserted through a sterile needle into 
the puborectalis muscle under local anaesthesia (1ml 1 per cent 
subcutaneous lignocaine)’. The tip of the needle was inserted into the 
perianal skin at 3 o’clock (with reference to the anus: anterior is 12 


o’clock) and directed by a finger in the rectum posteriorly and medially ° 


into the puborectalis. The two wire electrodes were fixed with adhesive 
strapping so that they did not become dislodged during the study; they 
were connected to a Neurolog System filter and Medelec amplifier 
(Vicker’s Health Care, Basingstoke, UK). A microtipped pressure 
transducer of external diameter 2-2 mm (Gaeltec, Isle of Skye, UK) 
was then introduced 10 cm into the rectum and taped to the perianal 
skin to prevent movement. The patient was then turned to the supine 
position. Using aseptic technique a second Gaeltec microtipped 
pressure transducer (external diameter 2-0 mm) and an 8-Fr Nelaton 
filling catheter (Pennine Healthcare Products, Derby, UK) were 
introduced into the bladder transurethrally. The catheters were 
strapped into place and any residual urine on catheterization noted. 
The two Gaeltec catheters were then connected to a pair of 57B pressure 
recorders (Gaeltec). Each Gaeltec catheter was individually calibrated 
against a 50-cm water column before each study. The patient was then 
screened fluoroscopically to check the position of each catheter. The 
combined study was recorded on videotape using a Sony Vo 5800PS 
videorecorder (Sony, Tokyo, Japan). 

The EMG amplifier, pressure recorders, fluoroscopic screening and 


Table 1 Duration of symptoms 





Mean(s.e.m.) duration (years) 











Proctological Urological 
Constipated patients 
Men T4(2:2) 80(2:4) 
Women 9-0(3-3) §:2(1:1) 
Faecally incontinent patients 
Men 8-1(2:5) 8:3(2-6) 
Women 4-8(2:7) 2-4(1:8) 





Table 2 Type of urological symptoms 


videorecorder were all integrated using an Archimedes 310 computer 
(Acorn, Cambridge, UK) with custom-built software. 

A filling cystometrogram was then performed, infusing Isopaque 
Cysto 100 mg iodine ml~? (Nycomed, Birmingham, UK) at a rate of 
100 ml min~'. First sensation, volume causing desire to micturate, end 
filling pressure and evidence of detrusor instability were all noted. The 
patient was then transferred to the erect position, turned to an oblique 
angle and asked to cough repeatedly. Any bladder neck beaking, descent 
or leak of urine due to stress incontinence of urine was noted. 

The patient was then returned to the left lateral position. A 
barium—porridge mixture (one part barium sulphate, two parts 
porridge oats (J. Sainsbury, London, UK), three parts water) that had 
been kept in a water bath at 37°C and previously weighed was injected 
into the rectum through a proctoscope. Enough mixture was introduced 
to give a strong desire for rectal evacuation (up to 120 ml). The patient 
then sat on a radiolucent water-filled commode and was monitored 
fluoroscopically from the lateral position. Each patient was initially 
requested to cough and,any faecal incontinence noted. The patient was 
next requested to micturate. If unable to do so they were requested to 
defaecate. Radiological abnormalities such as a rectocele, intussuscep- 
tion and full-thickness prolapse were recorded simultaneously with 
int tal pressure and puborectalis EMG activity. The patient was 
ply requested to micturate again. Intrarectal pressure, intravesical 

d subtracted detrusor pressure were recorded simultaneously with 
any radiological abnormalities and with puborectalis EMG activity. 
At the end of the investigation the barium—porridge mixture that had 
been voided was weighed. 

During the evacuation phase of the investigation, privacy was 
ensured by placing large curtain screens around the patient and by 
dimming the lights in the radiology suite. Silence was maintained while 
the patient was evacuating, to avoid any distraction. 


Definition of terms used in the combined study 


Genuine stress incontinence of urine. This was defined as incontinence 
of urine occurring when intravesical pressure exceeded the maximum 
urethral pressure in the absence of detrusor activity’. The degree of 
stress incontinence found in the present patients during the combined 
study was classified according to the scheme described by Green? and 
modified by Blaivas'®. These types are: 


Type 0. There was a good history of stress incontinence. During 
videourodynamic study the vesical neck and proximal urethra were 
closed at rest, being situated at or above the superior margin of 
the pubic symphysis, and during stress, although the vesical neck 
and proximal urethra were open, no incontinence was demonstrated. 

Type 1. The vesical neck was closed at rest, being situated at 
or above the inferior margin of the symphysis pubis. During stress 
with increased abdominal pressure, the vesical neck and proximal 
urethra were seen to open and descend < 2 cm, urinary incontinence 
being demonstrated. 

Type 2a. The vesical neck vis closed at rest and above the 
inferior margin of the symphysis pubis. During stress the vesical 
neck and urethra descended >2 cm and during increased abdominal 
pressure urinary incontinence was demonstrated. A cystocele was 
also present. 

Type 2b. At rest the vesical neck was closed but situated below 
the inferior margin of the symphysis pubis. During stress there was 
further descent, the proximal urethra opened and incontinence was 
demonstrated. 

Type 3. At rest the vesical and proximal urethra were open 
despite the absence of a detrusor contraction. There was obvious 
leakage of urine, which was either gravitational or associated with 
a minimal increase in intravesical pressure. 





Strain and Genuine stress 
Frequency Nocturia hesitancy Dysuria incontinence Urgency 

Constipated patients 

Women (n = 16) ; 13 14 12* 8 8 5 

Men (1 = 7) 4 5 5 4 0 3 
Faecally incontinent patients : 

Women (n = 12) 9 9 4 Bi Wh. 8 5 

Men (n = 6) 3 i 2 1 0 2 3 








*P = 0-02 (constipated versus faecally incontinent women, Fisher’s exact test) 
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Detrusor instability. This was defined as a demonstable detrusor 
contraction occurring either spontaneously or on provocation, during 
the filling phase of cystometrography, while the patient was attempting 
to inhibit micturition!?. 


Anismus. This has been defined as an inappropriate contraction of 
the puborectalis during defaecation'?. Such a definition is, in our view, 
imprecise'*, Anismus was defined in the present study when the 
following criteria were met: (1) recruitment of the puborectalis by EMG 
recording of > 50 per cent; (2) increase in intrarectal pressure during 
straining by >50cmH,O from the resting rectal pressure to the 
maximum voiding pressure; and (3) period of straining during which 
inappropriate EMG activity of the puborectalis was recorded of 
22 min. 


Radiation dosage used during the combined study 

Calculation of the radiation dosage during the combined study was 
made by the Department of Medical Physics, The Royal London 
Hospital. A patient weighing 72 kg undergoing fluoroscopic screening 
for 2 min received a dose of 6-0 mSv. (A patient having a barium enema 
receives 7-7 mSv and one undergoing intravenous urography 4-4 mSv.) 


Statistical analysis 


Differences in the incidence of findings between two groups were 
analysed by Fisher’s exact test. Numerical values are expressed as the 
mean(s.e.m.) with differences between two groups being assessed by 
Student’s unpaired t test. 


Results 


Anorectal manometry 


There were no significant differences in anorectal pressure 
between patients with constipation and those with faecal 
incontinence (Table 3). Analysis by sex also showed no 


Table 3 Anorectal manometry 























difference, although women had lower values for all three 
parameters studied. 

Rectal compliance and first sensation, defaecatory desire and 
maximum tolerated volumes during proctometrography were 
not significantly different in constipated and faecally incontin- 
ent patients (Table 4). Again there was no sex difference. 


Anorectal angles 

Anorectal angles at rest, squeeze and strain were significantly 
greater in incontinent than in constipated women (Table 5). 
The difference in anorectal angles between the constipated and 
faecally incontinent men was not statistically significant. 


Combined study 

Rectal voiding. The mean(s.e.m.) fraction of artificial stool 
voided by the constipated men was significantly less than that 
voided by the faecally incontinent men (51-1(10-3) versus 
95-7(1-8) per cent, P = 0-004). No significant difference was 
found between the constipated and faecally incontinent women 
(63:1(8-7) versus 82-9(7-5) per cent, P = 0-09). 

The mean(s.e.m.) initial and maximum rectal pressures 
during evacuation in the constipated women were 36:2(3-9) and 
99-1(9-4)cmH,O respectively. Initial and maximum rectal 
pressures in faecally incontinent women were 35-9(6-0) and 
108-2(20:'4)cmH,O respectively. These values were not 
significantly different between the two groups (P = 0-9 and 
P=0-7). The mean(s.e.m.) initial and maximum rectal 
pressures during evacuation were not significantly different 
between the constipated and faecaily incontinent men at 
33-6{3-0) versus 45-7(5-4) cmH,O (P = 0-08} and 145-9(20-7} 
versus 123-5(21-3) cmH,O {P = 0-5) respectively. 


Micturition-constipated patients. During the dynamic studies 
it became apparent that the patients micturated by two different 
mechanisms, either by generating a true detrusor contraction 








Faecally or by raising intra-abdominal pressure. Six constipated women 
Constipated incontinent micturated by generating a true detrusor contraction and ten 
patients patients did so using raised intra-abdominal pressure. Of the constipated 
E Gee ee eo ge eee om men, one micturated by detrusor contraction and six by 
or pressure 61(6-7) 50(7-1) intra-abdominal straining. The mean(s.e.m.) maximal intra- 
2 ; : A AGra g 3 for the ale 
Maximum attained pressure 102110) 92(12-4) abdominal pressures (recorded as rectal pressure ) for the fem ale 
(cmH,0) and male constipated patients attained during micturition were 
Maimun squeeze increment 43(7-4) 42(6-9) 118-0(16-1) and 155-0(9-6) cmH,0 respectively. These values 
(cmH,O) are all considerably higher than the accepted normal for 
maximal pressure during micturition'?. The mean(s.e.m.} 
Values are mean(s.e.m.) maximum pressures recorded during micturition by generation 
of a true detrusor contraction were 42-5(7-3} cemH,O for the 
. ; women and 48-0 cmH,0 for the man. 
Table 4 Rectal compliance and sensation Figure 1 shows the proctological findings during micturition. 
Anismus was significantly more common in women micturating 
Faecally . : Sk i ; A So 
CARE : . by raised intra-abdominal pressure than in those who did so 
Constipated incontinent d ae me iS) f ie 
patients patients by detrusor pressure (P = 0-02). No significant difference was 
seabed gate oy eh eae E ge S found in the numbers with rectocele or intussusception in the 
Compliance (ml cmH,O7') 6-1(0-7) 5-9(0-7) two groups. No difference in radiological abnormalities was 
First sensation volume (ml) 150-1(23-4) 123-9(13-1) demonstrated between men who micturated by abdominal 
Defaecatory desire volume (ml) 239-1(27-2) 227-1(26°8) strain and the one doing so by detrusor contraction, 
Maximum tolerated volume (ml) 443-8( 130-0) 327-4(35:8) An association was found between rectocele and anismus in 
women who micturated by abdominal straining: of eight 
Values are mean(s.e.m.) 
Table 5 Anorectal angles 
Women Men 
Faecally Faecally 
Constipated incontinent Pe Constipated incontinent pe 
Rest (°) 90-9(3-5) 111-9(4°5) 0-001 87-5(6-9) 106-8( 7-6) 0-08 
Squeeze (`) 80-1(3-2) 99-4(5-9) 0-002 79-9(5-9) 98-6(5-4) 0-06 
Strain (°) 101-5(4-2) 121-9(3-8) 0-001 102-5(6°8) 1185370) Q3 
Values are mean(s.e.m.). *Student’s unpaired t test 
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Figure 1 Proctological abnormalities found during micturition in 
constipated a women and b men micturating by abdominal strain (@) 


or detrusor contraction (CO). * P = 0:02 (Fisher's exact test) 





Figure 2 The appearance of a large rectocele during defaecation (rectum 
posteroinferior, bladder anterosuperior ). Tracing | represents intravesical 
pressure, 3 shows intrarectal pressure and 4 shows puborectalis 
electromyography. (Tracing 2 was not used during the investigation) 


patients who micturated by abdominal straining, seven had 
anismus. In contrast, there was no anismus in the four women 
with a rectocele who micturated by detrusor pressure. This 
difference was statistically significant (P = 0-02). Figure 2 is 
taken from the videorecording of a female patient during 
defaecation. The intrarectal pressure is seen to increase (trace 
3) and there is a paradoxical EMG recruitment of the 
puborectalis (trace 4). A large rectocele can be seen to develop 
on the anterior rectal wall. Figure 3 shows a recording of the 
same woman during micturition. The intravesical pressure 
(trace 1) can be seen to be grossly raised during attempted 
micturition, and a paradoxical EMG recruitment of the 
puborectalis is also noted (trace 4). The large rectocele first 
noted during defaecation is clearly seen to be advancing further 
in the anterior direction, causing the bladder neck and urethra 
to become angulated and obstructing bladder emptying. 
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Micturition: faecally incontinent patients. Micturition was 
achieved in a similar pattern to that in constipated patients, 
either by a true detrusor contraction or by raising 
intra-abdominal pressure. The raised intra-abdominal pressures 
generated by both the female and male patients were again 
considerably higher than the upper limit of normal for 
maximum micturition voiding pressures'*. Eight women 
micturated by generating a detrusor contraction, mean(s.¢.m. ) 
maximum detrusor pressure 42°1(7-0) cmH,0, four by high 
intra-abdominal pressure, mean(s.e.m.) 122:0(11-6)cmH,O. 
Of the men, three micturated by generating a detrusor 
contraction, mean(s.e.m.) pressure 41:7(13-0)cmH,O and 
three by high intra-abdominal pressure, mean(s.e.m.) 
140-4( 30-5) cmH,0O. 

Figure 4 shows the proctological findings during micturition 
in faecally incontinent patients. There was no statistical 
difference in the incidence of anismus, rectocele or intussuscep- 





Figure 3. Micturition in the same patient as in Figure 2. The rectocele 
persists and enlarges during micturition, leading to a distortion in the 
anatomy of the bladder neck and urethra. It is responsible for extrinsic 
obstruction to the urethra. (Tracing 2 was not used during the 
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Figure 4 Proctological abnormalities found during micturition in 
faecally incontinent a women and b men micturating by abdominal strain 
( ) or detrusor contraction (() 
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tion in patients micturating by detrusor pressure and those 
micturating by intra-abdominal pressure. 


Genuine stress incontinence in female patients. Eight of the 
16 women with chronic constipation exhibited genuine stress 
incontinence on coughing during cystometrography, compared 
with eight of the 12 with faecal incontinence (P not significant). 
On assessing the degree of stress incontinence in both groups 
it was found that seven of the eight faecally incontinent women 
had incontinence of type 2a or worse, compared with one of 
the eight women with chronic constipation (P = 0-02). 


Discussion 

Anorectal manometry and balloon proctometrography, while 
allowing accurate measurements of anal sphincter pressures and 
rectal compliance and capacity, have the disadvantage of being 
static isolated investigations. Dynamic proctography, while 
enabling a more synchronized approach to the study of 
anorectal function, does not allow any recognition of bladder 
dysfunction or of any possible effect that the bladder may exert 
on anorectal activity. Likewise, modern urodynamics!*~}’, 
while enabling the accurate diagnosis of lower urinary tract 
dysfunction!®-?°, cannot recognize the influence of rectal 
dysfunction on the urological problem being investigated. 
Neither do any of these sets of investigations enable the 
recognition of dual pathologies. However, since the combined 
study described monitors bladder and rectal function 
simultaneously, it is possible to observe the effect of dysfunction 
of one system on the other. 

Previous studies have tried to correlate rectal and bladder 
dysfunction. Preston and Lennard-Jones!, and Varma and 
Smith? noted urological symptoms in women with idiopathic 
constipation. Kerrigan et al.* investigated patients with 
idiopathic constipation and reported impaired urethrovesical 
function. Bannister et al.? investigated urological abnormalities 
in women with severe constipation. In the latter two studies, 
however, anorectal and urological symptoms were investigated 
separately. 

Others have tried to correlate rectal and bladder 
dysfunction, but in a non-integrated way. Godec et al.?! studied 
the effect on the voiding reflex of electrical stimulation of the 
rectal ampulla by six surface electrodes. Their results remain 
questionable because the method employed was. unphysto- 
logical. Abdel-Rahmen et al.?? performed ‘urorectodynamics’ 
on patients with colonic inertia, attempting to correlate rectal 
and bladder function by simultaneous urodynamics and 
anorectal manometry. However, there was no radiological 
visualization of either rectum or bladder, and no electro- 
physiological measurement. This was therefore in reality a 
non-integrated approach that involved only one aspect of rectal 
and bladder physiology and did not correlate the results with 
function in either organ. Snooks et al.?3 studied 40 women with 
neurogenic faecal incontinence, 20 of whom also had stress 
urinary incontinence. Electrophysiological studies, anorectal 
manometry and measurement of perineal descent were used in 
isolation from each other; no urodynamics were performed. 

Hence, although previous studies have attempted to assess 
dysfunction in both the bladder and rectum, none has addressed 
the problem in a dynamic synchronized manner. The present 
study has shown that patients suffering from both anorectal 
and bladder dysfunction can successfully undergo dynamic 
investigation of both systems simultaneously. The investigation 
has the advantage of not only being dynamic in nature but also 
allowing for the synchronous visualization of the rectum and 
bladder. 

There is a subgroup of constipated women with obstructed 
micturition whose urological symptoms are secondary to 
proctological abnormalities. These patients micturate using 
high intra-abdominal pressures that appear to be secondary to 
either a large rectocele, inappropriate contraction of the 
puborectalis, or both. The radiological and physiological 
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abnormalities demonstrated in these patients could have been 
detected only using the combined study: they would not have 
been discovered through urodynamics and cystoscopy alone. 
These results have therapeutic implications, for correction of 
the underlying proctological abnormalities in these patients 
may correct the urological difficulties. Two of the younger 
constipated women have undergone repair of the rectocele; 
both report a subjective improvement in symptoms, although 
neither has yet been investigated after operation. 

In the group of faecally incontinent women with genuine 
stress incontinence of urine, the results obtained from the 
combined study suggest that double incontinence may arise 
from a common aetiology. Cystometrography demonstrated 
that the grade of stress incontinence in faecally incontinent 
women was more severe than in constipated women. The 
anorectal angles at rest, squeeze and strain in the former were 
significantly wider than in the latter. The greater descent of the 
pelvic floor and more obtuse anorectal angle in the faecally 
incontinent women suggest that both faecal and urinary 
incontinence in this group may be due to pelvic floor 
denervation, although it must be noted that the anorectal 
manometry in these patients revealed reasonable resting and 
squeeze pressures. This may be partially explained by the fact 
that only half of the group was incontinent to solid stool, the 
rest being incontinent to liquid faeces only, thus having a milder 
form of incontinence. These findings have implications for the 
treatment of urinary incontinence in these patients. Recent 
evidence from Laurberg et al.?* suggests that there may be 
progression of neurogenic damage to the pelvic floor muscles 
after postanal repair in patients with faecal incontinence; this 
may be responsible for the poor functional results after this 
operation. It may be extrapolated that similar poor results 
might be expected in the long term after colposuspension in 
patients with neurogenic damage to the pelvic floor, because 
the bladder neck would be buttressed and supported by 
similarly denervated musculature and paravaginal tissue. 
Indeed, although initial success rates of 90 per cent with the 
Burch colpususpension have been reported?*, with long-term 
follow-up?® this may fall to 44 per cent. It has also been 
observed that women may suffer recurrent stress incontinence 
after a protracted symptom-free period following an intact 
repair?’. 

The combined study is obviously a major undertaking for 
any patient; it requires them to perform acts in public that 
would normally take place in the privacy of a home 
environment. However, with screening around the patient, 
maintenance of silence during evacuation studies, and a 
compassionate and sympathetic attitude, useful data can be 
obtained. These data may be clinically applicable to the 
patient’s underlying pathophysiological abnormalities. A 
combined and integrated investigation of proctological and 
urological symptoms may provide information that cannot be 
obtained in any other way. 
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Effect of anorectal eversion 
during restorative 
proctocolectomy on anal 
sphincter function 


Twenty-six patients underwent restorative proctocolectomy with 
end-to-end ileal pouch—anal anastomosis, without resection of the anal 
mucosa, by the eversion technique. Before surgery patients underwent 
tests of anorectal function. These were repeated a median of 8 (range 
3-21) months after operation. The median (range) maximum resting 
anal pressure was 93 (36—149) cmH,,0 before and 71 (40—131) cmH,O 
after operation (P = 0-002). The median (range) maximum squeeze 
pressure before operation was 136 (73-280) cmH,O; it was 149 
(69-290) cmH,O afterwards (P not significant). The median (range) 
length of the anal sphincter was 3-5 (2:5—4:5) cm before and 3-5 
(2:0-4:5) cm after operation (P not significant). Thresholds for 
sensation in the upper, middle and lower thirds of the anal canal before 
and after operation were, respectively, 8-7 versus 8:7, 6-8 versus 7-4 
and 4:2 versus 6:2 mA (P not significant). All 26 patients were continent, 
although one experienced minor leakage. Function of the anal sphincter 
is not significantly impaired by eversion of the rectum and anus during 
restorative proctocolectomy. 


Restorative proctocolectomy with ileoanal anastomosis has 
become the procedure of choice in the elective surgical treatment 
of most patients with ulcerative colitis. Controversy exists as 
to whether the pelvic reservoir should be anastomosed 
endoanally to the internal anal sphincter at the dentate line 
(after stripping of the anal mucosa) or end to end, at a slightly 
higher level, without mucosal stripping. The end-to-end ileoanal 
anastomosis has been favoured because of its technical 
simplicity and better functional’ outcome!:?. One technical 
problem with the stapled end-to-end anastomosis is that the 
level of construction may be difficult to determine by the 
abdominal operator during the pelvic dissection. If the 
anastomosis is constructed too high, a cuff of inflamed rectal 
mucosa may remain and cause complications and an imperfect 
functional outcome. To facilitate construction of the ana- 
stomosis, the technique of eversion of the anorectal stump was 
devised so that the level of transection could be defined more 
accurately. Such a technique might, however, damage the anal 
sphincter or its nerve supply and impair continence*-*. This 
study investigated the effects of anorectal eversion on the 
function of the anal sphincter. 


Patients and methods 


A consecutive series of 13 men and 13 women was studied. Each patient 
had undergone restorative proctocolectomy for ulcerative colitis 
between December 1989 and April 1991. The median age was 36 (range 
17-66) years. Each patient underwent end-to-end ileoanal anastomosis, 
without stripping of the anal mucosa. A quadruplicated (W) reservoir® 
was constructed in 23 patients and a duplicated (J) pouch’ in three, 
40 cm of distal ileum being utilized in each case. 


Technique of anorectal eversion and end-to-end ileoanal anastomosis 


The rectum was mobilized by close perimuscular dissection as far as 
the upper anal canal, then transected at mid-rectal level, stay sutures 
inserted and the anorectal stump everted from the anus. Strong distal 
traction on the anorectal stump provided a clear display of the dentate 
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line and anal columns, and allowed a TA30 or TASS (Auto Suture, 
Ascot, UK) linear stapling device to be placed accurately across the 
anorectal stump 1-5—2-0 cm above the dentate line. The anorectal sleeve 
was then transected at this level to produce a ‘blind’ anal stump, which 
returned to the pelvis when the stapler was removed. A Premium CEEA 
(Auto Suture) stapling device was used to fashion an end-to-end 
anastomosis approximately 1-0-1-5 cm above the dentate line. 


Laboratory studies 

Each patient underwent tests of anal sphincter function before operation 
and a median of 8 (range 3-21) months after operation or ileostomy 
closure. Anal pressure was measured by the station pull-through 
technique!. Sensation was tested by measuring threshold electro- 
sensitivity of the anal mucosa®. The pouch~anal inhibitory reflex was 
assessed by inflating a balloon in the ileal reservoir with air and 
measuring the response of the anal sphincter. A 20 per cent decrease 
in pressure was taken to denote a positive reflex’. 


Clinical assessment of outcome 


The quality of anal continence was assessed by monitoring: faecal 
leakage; anal soreness; the ability to defer defaecation; and the ability 
to discriminate between flatus and faeces and to release flatus safely 
without fear of faecal leakage and requirement for a toilet. 


Statistical analysis 


All group data are expressed as median (range). Groups were compared 
by use of the Wilcoxon matched-pairs signed rank test for paired data’®. 


Results 


Anal pressure 


The median (range) maximum resting anal pressure was 93 
(36-149)cmH,0 before and 71 (40-131)cmH,O after 
operation {P = 0-002). The median (range) maximum squeeze 
pressure was 136 (73—280)cmH,O before surgery and 149 
(69-290) cmH,O afterwards (P not significant) (Figure 1). 


Pressure profile of anal sphincter 


The pressure profile of the anal sphincter before and after 
operation is illustrated in Figure 2. The median (range) length 
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Figure 1 Maximum resting anal pressure and squeeze pressure before 
and after restorative proctocolectomy by the eversion technique. Values 
are median (interquartile range). *P = 0-002 (Wilcoxon matched-pairs 
signed rank test) 
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of the anal sphincter was 3-5 (2-5-4-5)cm before and 3-5 
(2:0-4-5) cm after operation. 


Sensation 


Sensory thresholds before and after operation did not differ 
significantly in the upper, middle and lower anal canal 
(Figure 3). 


Table 1 Clinical outcome in 26 patients 3—21 months after restorative 
proctocolectomy by the technique of anorectal eversion 


Frequency of bowel action* 
Per 24h 
Night-time 
Minor faecal leakage 
Deferral of defaecation 
> 30 min 23 
>15 min 25 
Discrimination of flatus from faeces and 17 
safe release of flatus 


*Values are median (range) 
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Figure 2 Sphincter pressure profiles a before and b after restorative proctocolectomy by the eversion technique. Values are median (interquartile 
range). *P < 0-001; tP < 0-002 (versus preoperative pressure, Wilcoxon matched-pairs signed rank test) 
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Figure 3 Sensation in the anal canal measured by mucosal threshold electrosensitivity before and after restorative proctocolectomy by the eversion 
technique. Values are median (interquartile range). Differences are not significant 
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Anorectal and pouch—anal inhibitory reflex 


The reflex was found to be present in 26 patients before 
operation and in 23 afterwards. 


Clinical results 
These are shown in Table 1. 


Discussion 

The increasing popularity of the stapled end-to-end ileoanal 
anastomosis without mucosectomy has focused attention on 
the precise level at which the anastomosis should be 
constructed. The principal disadvantage of this procedure is 
that, if the ileoanal anastomosis is constructed too high above 
the dentate line, a cuff of inflamed rectal mucosa may remain, 
giving rise to local or systemic manifestations of colitis!!. It is 
frequently difficult to obtain good access (especially in the obese 
male patient) to transect the anorectal sleeve at the correct 
level with the linear stapling device. In women, the ease of deep 
pelvic dissection and upward tenting of a mobile pelvic floor 
may result in the transection being made at too low a level and 
the upper part of the anal sphincter may be damaged or even 
excised. 

One way to overcome the problems of ‘blind’ transection 
of the anorectal stump is to evert the stump through the anus. 
This manoeuvre has been used in the treatment of infants with 
Hirschsprung’s disease’? and has been advocated more recently 
in the surgical treatment of ulcerative colitis?+!*. The anorectal 
eversion technique is still not widely used during restorative 
proctocolectomy because of its unfamiliarity to many surgeons 
and fears that the forcible traction often exerted on the anorectal 
stump might damage the sphincter. This may occur by direct 
trauma to its musculature and the adjacent pelvic floor or 
indirectly through damage to its nerve or blood supply. 

All 26 patients in the present study were found before surgery 
to have normal anal pressure and sensation, and the rectoanal 
inhibitory reflex was noted to be present in each. Some 8 months 
after operation, resting anal pressure, although reduced, 
remained within the normal range in all patients; the resulting 
pressure profile was similar to that observed after end-to-end 
stapled anastomosis without the aid of anorectal eversion’. 
Maximum squeeze pressures were normal, anal sensation was 
undiminished, and a pouch—anal inhibitory reflex was present 
in 23 of the 26 patients. 

The clinical outcome in the patients was satisfactory: all 
were continent, and their ability to defer defaecation and 
discriminate flatus from faeces was good. The function of the 
anal sphincter was found to be as good in this study as in 
previous reports of patients who had undergone end-to-end 
ileoanal anastomosis without anorectal eversion'*. Both 
methods of constructing an end-to-end anastomosis, whether 
conventional or by eversion, are associated with a decrease in 
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resting anal pressure. This is less than that following endoanal 
anastomosis and is not sufficient to cause significant impairment 
of function, as judged by the clinical endpoints of faecal soiling, 
urgency of: defaecation and discrimination between flatus and 
faeces. 

Eversion of the rectum and anus during restorative 
proctocolectomy may cause minimal damage to the motor 
power of the anal sphincter, but overall function of the sphincter 
complex is not impaired. 
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In November of last year we began an exchange of abstracts with the 
American journal Surgery. This month sees the: publication of summaries 


chosen from the November and December issues of that journal. A 
reciprocal selection of BJS abstracts appears in January's Surgery. 
Readers may be interested to note that the December issue of the 
American journal was given over to papers presented at the 13th Annual 
Meeting of the American Association of Endocrine Surgeons held in April 
1992 in Miami, Florida. 


Surgery for malignant obstructive 
jaundice: Analysis of mortality 


Edward C. S. Lai, FRCS(Ed), FRACS, Kent M. Chu, 
MBBS, Chung-Yau Lo, MBBS, Francis P. T. Mok, 
FRCS(Ed), FRACS, Sheung-Tat Fan, FRCS(Glas), 
Chung-Mau Lo, FRCS(Ed), and John Wong, PhD, 
FRACS, FRCS(Ed), Hong Kong 


Surgery on patients with malignant obstructive jaundice 
carries formidable morbidity and mortality rates. Clinical 
records of 120 consecutive patients who had serum total 
bilirubin levels of 100 pmol/L or greater before exploration 
were analyzed retrospectively to provide guidelines for better 
management. Although most patients underwent bilienteric 
bypass to either the extrahepatic (n = 45) or intrahepatic ductal 
system (n= 28), resection was possible in 32 (26.7%). 
Complications developed in 42 patients (35%), among whom 
12 (10%) required reexploration and 32 (26.7%) died 
within the same hospitalization. Identification of risk factors 
associated with hospital deaths after surgery was conducted on 
84 of the 120 (group A) patients randomly selected from the 
entire study period. Based on multivariate analysis, age 
greater than 65 years, a raised serum aspartate transaminase 
value greater than 90 IU, and serum urea level greater than 
7 mmol/L before surgery were the risk factors selected from 39 
different clinical (n= 6), laboratory (n= 26), and operative 
(n= 7) parameters studied. The predictive value was validated 
in the remaining 36 patients (group B), and a high-risk 
patient population had been isolated. Because both serum urea 
and aspartate transaminase values correlated significantly 
with the necessity of urgent exploration, aggressive non- 
operative treatment should be used to control the emergency. 
Alternative therapeutic options or perioperative management 
should be considered for the selected high-risk patients before 

nitive surgical biliary decompression. (SURGERY 
1992;112:891-6.) 


Lymphatic and venous examination of 
the ulcerated leg: A preliminary 
report 


James W. Meade, MD, and C. Barber Mueller, MD, 
Hamilton, Ontario, Canada 


Background. Jt has been widely accepted that deep venous 


thrombosis and venous incompetence initiate a series of events 
resulting in various ulcerations. The role of the lymphatic 
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system in the progression of these events has not been 
extensively studied. 

Methods. Twenty-three patients with nonartenial ulcerations 
of the legs were examined by phlebography and lymphangio- 
graphy. AU had recurrent ulcerations associated with non- 
pitting edema, brawny induration, and dermatitis character- 
istic of the postphlelitic syndrome. Arterial circulation was 
normal in all patients. 

Results. Phlebographic abnormalities found were the presence 
of communicating vein incompetence in all 23 patients, 
varicose veins in six, and deep venous. occlusion in one. 
Lymphatic abnormalities were also present in all patients. 
Extravasation in the area of the ulcer was seen in eight 
patients, dermal backflow in six, tortuosity and irregularity of 
the channels in four, and retention of contrast agent for more 
than 24 hours in seven. 

Conclusions. Significant abnormalities of the lymphatic 
system exist in patienis with leg ulcers caused by the 
postthrombotic syndrome. (SuRceRY 1992;112:872-5.) 


P-glycoprotein expression and 
multidrug resistance in adrenocortical 
carcinoma 


-S. D. Flynn, MD, J. R. Murren, MD, W. M. Kirby, MD 


J. Honig, MS, L. Kan, MD, and B. K. Kinder, MD, New 
Haven, Conn. 


Background. The response of adrenocortical carcinoma 
(ACC) to adjuvant chemotherapy has been disappointing with 
no significant impact on survival. The normal adrenal cortex 
has very high levels of P-glycoprotein, an energy-dependent 
efflux pump of a variety of structurally unrelated chemo- 
therapeutic agents. P-glycoprotein has been implicated as a 
cause of multidrug resistance in a variety of neoplasms. The 
purpose of this study was to evaluate P-glycoprotein expression 
in ACC. 

Methods. Eleven patients with ACC had paraffin-embedded 
tumor evaluated for P-glycoprotein expression. These were 
analyzed by immunohistochemistry assay with a battery of four 
anti-P-glycoprotein antibodies (MRK-16, JSB1, UIC2, 
MDR). 

Results. AU eleven cases showed intense, predominantly 
membrane immunoreactivity for P-glycoprotein. In 10 of the 
cases, most tumor cells were immunoreactive with at least three 
antibodies, and six of Il cases were positive for all four 
antibodies. In this small series no correlation existed between 
P-glycoprotein expression and tumor grade, stage of disease, or 


survival. 
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Conclusions. All 11 cases of ACC studied showed P-glyco- 
protein expression, which was similar to the normal adrenal 
cortex. This possible mechanism of multidrug resistance may 
help explain the significant chemoresistance seen in ACC. 
(SURGERY 1992;112:981-6.) 


Granulocyte oxidative activity after 
thermal injury 


William G. Cioffi, Jr., MD, David G. Burleson, PhD, 
Bryan S. Jordan, MS, Arthur D. Mason, Jr., MD, and 
Basil A. Pruitt, Jr., MD, San Antonio, Texas 


Background. Alterations in granulocyte function after 
thermal injury have been described. We have serially studied 
the level of granulocyte cytosolic peroxidase activity in 23 
thermally injured patients during the first 6 weeks after injury. 
The patients’ mean age and burn size were 35.1+ 15.7 years 
and 41.6% +16.8% (range, 18% to 88%), respectively. 
Fourteen patients had concomitant inhalation injury, and the 
overall mortality rate was 4.3%. 

Methods. Purified granulocytes were obtained from peripheral 
blood after red cell lysis and Ficoll-Hypaque (Pharmaaa Inc., 
Piscataway, N.J.) gradient separation. Cells were loaded with 
dichlorofluoresan diacetate, and baseline fluorescence was 
measured by flow cytometry. After phorbol myristate acetate 
stimulation, fluorescence was measured again. Cells from 
unburned normal subjects were used as daily controls. 
Results. The data are expressed as percent of stimulated 
control granulocyte fluorescence. Unstimulated patient 
granulocytes demonstrated a significantly higher baseline 
activity than did unstimulated controls (22.9% vs 15.4%; 
p< 0.05). Mean fluorescence from stimulated granulocytes 
was 114% of the control values (p < 0.05). 

Conclusions. Granulocytes from thermally injured patients 
exhibited a baseline increase in cytosolic oxidase activity, 
suggesting in vivo activation and a greater than normal 
oxidase activity after in vitro stimulation. (SURGERY 
1992;112:860-5.) f 


Relationships of parathyroid 
hormone, parathyroid secretory 
protein, parathyroid hormone 
messenger RNA, parathyroid secretory 
protein mRNA, and replication in 
human parathyroid adenoma and 
secondary hyperplasia tissues and 
cultures 


Collin J. Weber, MD, DMSc, John Russell, PhD, 
Michelle K. Costanzo, BS, Frieda Karp, MS, Mignon 
Benjamin, MD, Mark A. Hardy, MD, and Carl R. Feind, 
MD, New York and Bronx, N.Y. 


Background. The purpose of this study was to clarify the 
relationships of extractable and secreted parathyroid hormone 
(PTH) and parathyroid secretory protein (PSP) in human 
parathyroid tumors to PTH messenger RNA (mRNA), PSP 
mRNA, and cell replication. 

Methods and Results. Jn tissue cultures of seven adenomas 
and five secondary hyperplasias, we found a direct correlation 
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for secreted PTH versus PSP for both adenomas and secondary 
hyperplasias. Secreted PTH:PSP was elevated for adenomas 
(11:1) compared to that of secondary hyperplasias (2:1), and 
adenomas secreted significantly more PTH and PSP than did 
secondary hyperplasias. In extracts of eight adenomas and six 
secondary hyperplasias, the ratio of PTH:PSP was unexpect- 
edly low (2:1) and similar for both adenomas and secondary 
hyperplasias. The ratio of extractable PTH mRNA:PSP mRNA 
was extremely low for both adenomas (1:7) and for secondary 
hyperplasias (1:5). Flow cytometry indicated that percent 
replication was inversely correlated with PTH mRNA and PSP 
mRNA. 

Conclusions. Increased PTH secretion by adenomas cannot 
be attributed to increased biosynthetic capacity because it is less 
than expected. Hypersecretion of PTH by adenomas and 
coincident marked reductions in PTH mRNA suggest either a 
defect in cytoplasmic storage of PTH or impairment of normal 
posttranslational degradation of PTH. As parathyroid tumor 
cells increase replication, PTH mRNA is reduced. Possible 
explanations for this include decreased PTH gene tran- 
scription or decreased mRNA halflife. (Surcery 1992; 
112:1089-95.) 


Prospective study of the use of 
intraarterial secretin injection and 
portal venous sampling to localize 
duodenal gastrinomas 


Arleen K. Thom, MD, Jeffrey A. Norton, MD, John L. 
Doppman, MD, Donald L. Miller, MD, Richard Chang, 
MD, and Robert T. Jensen, MD, Bethesda, Md. 


Background. Duodenal gastrinomas producing Zollinger- 
Ellison syndrome (ZES) are rarely imaged on preoperative 
studies. Measurement of serum gastrin levels by transhepatic 
portal venous sampling (PVS) or by sampling from hepatic 
veins after intraarterial secretin injection have been advocated 
as useful tests to identify these tumors before operation. 
Methods. As part of a prospective study, selective intraartenal 
secretin injection has been performed in 36 consecutive 
patients with ZES, PVS has been performed in 30 of these 
patients, and the results have been compared. 

Results. Gastrinomas were found at laparotomy in 33 of 36 
patients (92%). Duodenal tumors were found in 18 patients 
(50%). The remaining patients had liver, pancreatic, or - 
nodal disease (n = 15). Thirty-two of 36 patients (89%) had 
positive results with intraarterial secretin injection study, 
whereas 18 of 30 (60%) had a positive PVS gradient 
(p=0.02, Fisher’s exact test). The most common positive 
gradient with intraarterial secretin injection was found with 
injections of the gastroduodenal artery, and the most common 
positive gradient with PVS was found in the inferior 
pancreaticoduodenal (IPDV) or superior pancreaticoduodenal 
vein (SPDV). Fourteen of 18 (78%) patients with duodenal 
gastrinomas had a positive GDA injection, whereas five of 18 
(28%) without duodenal tumors had a positive GDA 
injection (p=0.006). Five of 16 patients with duodenal 
gastrinomas had a positive gradient in the IPDV or SPDV, 
whereas four of 14 without duodenal tumors had a positive 
gradient in the IPDV or SPDV (not significant). 
Conclusions. ntraarterial secretin injection is more sensitive 
than PVS at localizing duodenal gastrinomas and should 
replace PVS in patients with ZES and occult tumors. (SURGERY 
1992;112:1002-9.) 
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Laparoscopic splenectomy 


Sir 

We read with great interest the Surgical Workshop on laparoscopic 
splenectomy by Dr Delaitre and colleagues (Br J Surg 1992; 79: 1334). 
We would like to report our experience of laparoscopic splenectomy 
involving a 62-year-old woman with idiopathic thrombocytopenic 
purpura failing to respond to steroids. She was pretreated with 
high-dose immunoglobulin (0-4 g/kg daily for 5 days), successfully 
raising the platelet count from 17 x 10°/1 to 238 x 10°/1 on the day 
of operation. 

While the technique used was similar to that reported, we employed 
only four ports but, more importantly, felt that preoperative 
embolization of the splenic artery, as described by Dr M. Gazayerli of 
Troy, Michigan, USA (personal communication), was a sensible 
adjunct, particularly when the spleen is relatively enlarged. The 
advantages are that the spleen shrinks as a result of the embolization 
and the veins can be taken before the artery without worrying about 
congestion of the organ. Also, a degree of autotransfusion takes place 
and there is the added benefit of a little extra security as far as 
haemostasis is concerned when the vascular stapler is fired. Finally, 
the theoretical risk of arteriovenous fistulation should be reduced. 

In our own case the spleen proved too large to place into a plastic 
bag and morcellate, but it was retrieved through a small 5-cm 
subumbilical incision without difficulty. 

After operation the patient required only two doses of opiate 
analgesia. The operative time was 25h with another hour for the 
preoperative embolization. 

We do not agree that laparoscopic splenectomy should be confined 
to cases with haematological disease not associated with splenomegaly 
as, even if the spleen proves to be large and difficult to manipulate into 
a bag, a small transverse lower abdominal incision can be used for 
retrieval, thereby avoiding an upper abdominal incision and all its 
disadvantages. 


C. A. Akle 

J. E. A. Wickbam 
P. Gravett 

R. Dick 


Nightingale House 
90a Harley Street 

London WIN 4AF 
UK 


Managing swabs in the operating theatre: 
a new method 


Sir 

I read with interest the article by Mr McCombe and colleagues on 
managing swabs in the operating theatre (Br J Surg 1992; 79: 776-7). 
It is refreshing to see a common sense approach to a practical problem 
in surgery. 

I would commend the use of Curity sponge counting bags to the 
authors. These are manufactured by the Kendall company of the USA 
and each bag has five pockets. The pockets are partially divided by a 
small plastic weld. The weld allows the use of the bags to hold either 
ten small swabs or, having split the weld, five abdominal packs. Bags 
can be hung on a rack and swab numbers monitored constantly. The 
advantage of this bag over the single bag method is that each swab is 
separate in its own pocket and, if swab counts do not tally at the end 
of an operation, it removes the need to empty out and recount swabs 
from a single bag. 


P. Carter 


Department of Surgery 

Taunton and Somerset Hospital . 
Musgrove Park i 
Taunton TAl SDA 

UK 


126 


Breast cancer in Nigerian women 


Sir 

The hospital-based survey on breast cancer from Nigeria by 
Mr Ihekwaba (Br J Surg 1992; 79: 771-5) finds a low incidence of 
breast cancer and a high proportion of stage IH disease when compared 
with reports from the West. The single most important factor for the low 
incidence is under-reporting of the disease, particularly in the older age 
groups. There is anecdotal evidence that many women do not seek 
hospital treatment for economic and/or sociocultural reasons. 
However, with increasing disease awareness, a rise in literacy and 
improving socioeconomic standards, there has been a significant 
increase in patients seeking medical advice in recent years. This is the 
likely cause for the marked increase in the numbers recorded in the 
second decade (1309) over the first 10 years (637) of the study. The 
overall frequency of 33-6 per 100000 also shows a similar increase on 
the 13-8-15-3 per 100000 previously reported from Africa’. 

It is of interest that the disease in Nigeria has the highest incidence 
in premenopausal women, in contrast to the situation seen im the West. 
It should therefore be regarded as a leading cause of death after maternal 
mortality in the younger woman. The lack of adequate resources for 
treatment mentioned in the paper was brought home to me during a 
trial of adjuvant chemotherapy for locally advanced breast cancer in 
premenopausal women conducted at the University Teaching Hospital 
in Maiduguri, Nigeria, a few years ago. Thirty-eight women (mean(s.d.) 
age 37:8(6-5) years) with tumours staged as T3,,N2,, Mo underwent 
local surgical excision followed by cyclical chemotherapy using four 
agents (cyclophosphamide, methotrexate, 5-fluorouracil plus pred- 
nisolone). Fifteen patients completed the treatment and 12 remained 
recurrence-free during the first 3 years of follow-up. The majority (23 
patients) opted out of the trial at various stages of treatment, largely 
because of patient non-compliance. As the vast majority of these women 
were from the lower socioeconomic strata, some form of financial 
assistance during their illness in addition to the provision of free medical 
care would have greatly reduced the default rate. 


R. Visvanathan 


Department of Surgery 
Hope Hospital 
Salford M6 8HD 

UK 
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Heal salvage from failed pouches 


Sir 
I should like to add a warning postscript to my Surgical Workshop 
concerning ileal salvage from resected pouches (Br J Surg 1988; 75: 
1227). Since then I have had to resect a further pouch in a 50-year-old 
man, and again reconstituted the terminal ileum with a continuous 
extramucosal monofilament closure of the 40-cm antimesenteric slit. 
This time there was serious leakage from partial breakdown requiring 
repair and a proximal defunctioning ileostomy. The stoma has since 
been closed, and the patient is well again and with a full complement 
of small intestinal tract. 

In future, whereas I remain convinced of the propriety of ileal 
salvage, I would advocate a temporary proximal loop/spout ileostomy 
to defunction the involved loops (which terminate at the end stoma). 


W. H. F. Thomson 


Gloucester Acute Unit 
Gloucestershire Royal Hospital 
Gloucester GLI 3NN 

UK 
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Laparoscopic pyloroplasty for duodenal 
ulcer 


Sir 

The technique of truncal or selective vagotomy with gastric drainage 
by way of pyloroplasty in the treatment of duodenal ulcer is a well 
described and much performed operation. More recently, highly 
selective and truncal vagotomies have been performed laparoscopically! 
and, where necessary, the drainage procedure has been accomplished 
by laparoscopic pyloromyotomy, pyloroplasty or endoscopic balloon 
dilatation of the pylorus. 

I have lately been involved in the management of a patient with 
duodenal ulcer that was refractory to medical management and required 
vagotomy and pyloroplasty because of scarring of the pylorus. While 
the laparoscopic vagotomy was unremarkable, the pyloroplasty was 
accomplished in a manner that was new to me and which made the 
construction of a pyloroplasty of Weinberg/Heineke—Mikulicz type 
extremely simple. 

By raising the pylorus with the use of two Endo-Babcock (US 
Surgical, Norwalk, Connecticut, USA) clamps inserted through two 
10-mm cannulas placed below the costal margins lateral to the rectus 
muscle on the opposite side of the abdomen, an Endo-GIA (US 
Surgical) stapling device inserted through a 12-mm cannula to the right 
of the midline midway between the xiphisternum and umbilicus could 
be manoeuvered over the tented-up pylorus and fired. This resulted in 
a haemostatic watertight pyloroplasty with no contamination of the 
peritoneal cavity. A gastroscope was manoeuvered through the pylorus 
beforehand to ensure that the posterior duodenal/stomach wal] was 
not picked up by the Endo-Babcock clamp and to confirm adequate 
pyloroplasty. The patient experienced no complications, minimal 
postoperative pain and was feeding orally on the second day. 


D. Snyders 


214 Morningside Clinic 
PO Box 65 14 73 
Benmore 2010 

South Africa 
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Laparoscopic repair of perforated peptic 
ulcer 


Sir 

We were interested to read the Surgical Workshop by Mr Sunderland 
and colleagues (Br J Surg 1992; 79: 785). Recently we too have used 
a laparoscopic surgical approach to patients with a presumed diagnosis 
of. perforated peptic ulcer disease. However, there are differences 
between our approaches that merit discussion. 

Patients with a diagnosis of perforated peptic ulcer, who would 
otherwise have been submitted to laparotomy, undergo laparoscopy 
following standard resuscitative measures. The patient is draped as for 
laparotomy. After pneumoperitoneum has been generated, the 
laparoscope is inserted through a 10-mm infraumbilical cannula. A 
washer—suction apparatus is passed through a 5-mm cannula placed 
in the mid-clavicular line midway between the umbilicus and right 
costal margin. The diagnosis is confirmed or refuted ‘during a full 
diagnostic laparoscopy. If confirmed, the presence or absence of a 
naturally occurring omental patch is noted. If this is absent and the 
perforation is obviously gaping and exuding gastroduodenal contents, 
then we discontinue the laparoscopy and convert to a traditional open 
omental patch operation. If however, as is often the case, there is a 
naturally occurring omental plug, then we leave this alone and proceed 
to thorough peritoneal lavage using the washer—suction device via the 
5-mm port. A volume of 2-3 litres warm saline is used for the lavage, 
obtaining a high flow rate by hanging the perfusate in a compression 
bag. Stab incisions are closed with subcuticular 3/0 Dexon (Davis and 
Geck, Gosport, UK). 

We do not try to close the perforation laparoscopically. We believe 
the most important part of the omental patch operation, be it open or 
laparoscopic, is thorough peritoneal toilet. We see no merit in 
disturbing an omental patch already in place merely to spend a long 
time putting it back. 
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Laparoscopic suturing is time consuming, as testified by the report 
by Sunderland and colleagues. Patients with perforated peptic ulcer 
disease are often very ill and unsuitable for long surgical procedures. 
By the very nature of the condition, perforated ulcers tend to present 
out of hours and be operated on by surgeons in training. Not all 
trainees have laparoscopic suturing expertise, yet most are becoming 
familiar with diagnostic laparoscopy and would be able to perform a 
laparoscopic peritoneal lavage. 

Like Sunderland and co-workers, we have as yet only small numbers 
of patients treated in this way and statistical analysis is thus 
meaningless. We have not had to reoperate on any patient treated by 
lavage alone. While the case is not yet proven by a prospective 
randomized trial, these patients appear to enjoy the advantages of 
reduced postoperative pain as well as the shorter postoperative recovery 
and hospital stay common to other abdominal laparoscopic techniques. 

We believe our approach means that most patients can benefit from 
the advantages of a laparoscopic technique without having to undergo 
unduly prolonged general anaesthesia or requiring a surgeon with 
particular expertise in endoscopic suturing techniques. 


-C J. Walsh 
D. E. Khoo 
R. W. Motson 


Department of Surgery 
Colchester General Hospital 
Colchester 

Essex CO4 SJL 

UK 


Total dysphagia from intramural 
haematoma following sclerotherapy for 
oesophageal varices 


Sir 

We read with interest the Case Report by Mr McGrath and colleagues 
{Br J Surg 1992; 79: 781). This provided an excellent example of the 
potential risk of injecting toxic sclerosants into oesophageal varices or 
ptrivariceal tissue. Indeed, complications of endoscopic variceal 
sclerotherapy are reported to occur in up to 40 per cent of treatments 
and procedure-related deaths in 1—2 per cent of injection sessions!~>. 
On the other hand, therapy for variceal haemorrhage has been 
progressively directed away from portasystemic shunts, sclerotherapy 
being at least as good if not superior in terms of survival and 
preservation of hepatic function**. In addition, most studies show that 
sclerotherapy is superior to medical treatment when results are 
compared in terms of the immediate management of active bleeding 
and avoidance of recurrence’®. However, in the face of the reported 
high rate of complications, an equally effective but safer endoscopic 
approach is urgently needed. This could be achieved by endoscopic 
rubber-band ligation, first introduced by Van Stiegmann et al.? in 1986. 
This technique is gaining wide popularity in the USA, being reliable, 
quick, easy and cheap. A prospective randomized trial comparing 
endoscopic sclerotherapy with ligation was recently reported!®: 
although the two techniques proved equally effective in treating 
bleeding oesophageal varices, recurrent bleeding was less frequent in 
patients receiving endoscopic ligation than in those treated by 
sclerotherapy. Both mortality rates (28 versus 45 per cent) and 
complication rates (2 versus 22 per cent) were significantly lower in 
the ligation group. We therefore believe that endoscopic rubber-band 
ligation should be popularized in Europe as the first-choice option for 
treating bleeding oesophageal varices. 


L. Basso 
A. Tocchi 


Department of Surgery I 
University of Rome ‘La Sapienza’ 
Italy 
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Success rates for rehabilitation of 
vascular amputees: implications for 
preoperative assessment and amputation 
level 


Sir 

The paper by Mr Houghton and colleagues (Br J Surg 1992; 79: 753-5) 
was an interesting and timely evaluation of the outcome of prosthetic 
rehabilitation of amputees. The report exemplified the difficulty in 
assessing the results of rehabilitation (in all areas of physical disability), 
which arises from a lack of common agreement on methods used to 
measure outcome. In amputee rehabilitation, the literature abounds 
with a profusion of scales that purport to quantify mobility or other 
facets of outcome. The mobility measurement scale adopted by the 
authors has the merit of brevity, but we would be interested to know 
what tests were applied to establish the validity of the scale e.g. 
sensitivity, repeatability, correlation with other scales. 

It is stated that a score of 9 (maximum score 12) was accepted as 
indicating ‘satisfactory’ rehabilitation, leading to the conclusion that 
only 5 per cent of all patients were satisfactorily rehabilitated. To 
achieve this score, the amputee would have had to use the prosthesis 
to walk all waking hours, use the limb to walk indoors and outdoors 
without restriction and use no walking aid (not even one stick ). Given 
the average age of vascular amputees and the likely coexistence of other 
disabling conditions, it could be said that the authors’ adopted criterion 
for satisfactory rehabilitation is very demanding. 

We would suggest that rehabilitation outcome should be measured 
in relation to the situation before amputation. For example, an outcome 
for an above-knee amputee of only walking indoors with an aid, modest 
in itself, would be considered a success if that same level of activity 
had been present before the onset of limb ischaemia limited by, say, 
arthritis, cardiorespiratory disease or stroke. On this basis we would 
regard a score as low as 4 as indicative of optimum rehabilitation for 
many of our patients. If mobility around the house equates to 
satisfactory rehabilitation, then well over 40 per cent of the authors’ 
patients who were fitted with limbs achieved a good result. 

Finally, restoration of gait is only one aspect of amputee 
rehabilitation and, as the paper shows, is irrelevant for half of all 
vascular amputees. Studies'-? have shown that psychological and social 
adaptation following amputation are independent of the level of 
amputation and degree of mobility achieved. Thus, those patients who 
are unable to make use of a prosthesis are not beyond rehabilitation 
in its broadest aspects. 


N. C. M. Fyfe 
D. C. Berridge* 


Departments of Rehabilitation Medicine and *Vascular Surgery 
Freeman Hospital 

Newcastle upon Tyne NE7 7AF 

UK 
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Authors’ reply 


Sir 

We thank Messrs Fyfe and Berridge for their interest in our paper and 
agree with their plea for a standard postoperative mobility scale for 
amputees. Having surveyed the literature extensively before writing our 
first paper’, we feel our scale has much to recommend it. Other mobility 
scales are vague and ill defined, whereas that detailed in the paper is 
simple for the patient to complete and much more precise. The lack 
of precision in most other scales makes scientific comparison with ours 
almost impossible. 

Messrs Fyfe and Berridge appear not to understand the scoring 
system. It is not the case that patients would have to use no walking 
aids at all and employ their prosthesis all the time to achieve a 
satisfactory mobility score of 9. Patients could still score 9 if they used 
their limb more than 50 per cent of waking hours, outside their home 
on occasions, had one stick as a support and did not feel unstable 
when walking on the flat, slopes and rough ground. 

We agree totally that the assessment of the degree of mobility before 
amputation is ideal. So often, however, limb ischaemia develops 
gradually over a period of years, making this type of assessment difficult. 
What would perhaps be better would be a direct comparison of the 
rehabilitation of similar groups of patients who either have a successful 
arterial reconstruction or amputation. A preliminary study of 28 such 
patients in our unit, using two of the four questions from the same 
questionnaire, suggests a very much better functional outcome in the 
patients undergoing reconstruction. This finding would suggest that it 
is the amputation rather than the ‘preamputation situation’ that is 
limiting the patient. Further similar studies are badly needed. 

We should like to emphasize that this paper was in no way intended 
as a criticism of the prosthetic services. It is rather an attempt to find 
out what happens to our amputees. As discussed in the paper, the 
outcome in our series of UK amputees is remarkably similar to the 
Swedish experience?. This fact suggests, as Messrs Fyfe and Berridge 
also emphasize, that more attention should be paid to other forms of 
rehabilitation apart from restoration of gait. 


A. D. Houghton 
P. R. Taylor 
I. McColl 


Department of Surgery 
Guy's Hospital 
London SEI 9RT 

UK 
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Perforation of the bowel by suction drains 


Letter 1 


Sir 

We read with great interest the Case Report by Messrs Reed, Wyman, 
Thomas and Zeiderman (Br J Surg 1992; 79: 679). We too have been 
interested in the potential impact of intraperitoneal drains. One possible 
explanation is the negative pressure exerted by the closed wound 
drainage vacuum devices. 

An examination of the Reliavac (Davol, Cranston, Rhode -Island, 
USA) closed wound drainage system commonly used intraperitoneally 
in the USA and developed primarily for closed wound drainage 
following axillary, inguinal or breast resection, showed that the pressure 
generated reaches —180 mmHg. For less powerful closed wound 
drainage systems such as the Jackson—Pratt (Baxter, Deerfield, Illinois, 
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USA), the pressure generated is under —60 mmHg, which at least in 
theory would be less likely to cause complications. It was also noted 
that the practice of ‘stripping’ of silicone surgical drains will further 
increase the pressure by an additional —80 mmHg. 

These observations have led us to abandon high-pressure intra- 
abdominal drainage systems and decrease our overall use of closed 
drainage in elective abdominal procedures. We agree with Mr Reed 
and colleagues that drains, particularly in this country, are almost 
certainly overutilized. The evidence to support their use in this age 
of intra-abdominal collections readily identifiable by computed 
tomography and the drainage of such collections, either percutaneously 
or by limited open drainage, would argue for controlled studies to see 
whether intra-abdominal drains have any useful role. Sadly, the 
endpoint is somewhat difficult to determine. 


D. Graham 
D. Coit 
M. F. Brennan 


Memorial Sloan-Kettering Cancer Center 
1275 York Avenue 

New York 1002] 

USA 


Letter 2 


Sir 

I read with interest the Case Report by Mr Reed and colleagues (Br 
J Surg 1992; 79: 679). I suspect that the authors’ suggestion that bowel 
perforation by suction drains is under-reported is correct. I have also 
had experience of three cases of bowel perforation by suction drains. 

The first patient was a 32-year-old man who had undergone elective 
small bowel resection for Crohn’s disease. A further laparotomy was 
performed for peritonitis, and multiple perforations were found in the 
small bowel adherent to the suction drain. The patient made a full 
recovery but had a longer hospital stay than would have been expected 
for the primary procedure. 

The second patient was a 50-year-old man who had undergone 
emergency total gastrectomy for haemorrhage from extensive peptic 
ulceration. A second laparotomy was performed for peritonitis, and 
several small perforations were found adjacent to the suction drain in 
the oesophagus and jejunum. The patient died from persisting sepsis. 

The third patient was a 35-year-old man who had undergone colonic 
resection for ulcerative colitis. A second laparotomy was performed for 
peritonitis at which multiple small bowel perforations were found, 
consistent with damage secondary to suction drainage. The patient 
made a full recovery but again the hospital stay was lengthened by the 
need for a secondary procedure. f 

Although all of these cases provide only anecdotal evidence for the 
dangers of suction drains in abdominal surgery, it is my practice to use 
a Robinson’s type of non-suction drain in the abdominal cavity and 
reserve the usage of suction drains for the drainage of the perineum, 
breast and subcutaneous tissues and in extra-abdominal vascular 
procedures. 


P. Carter 


Department of Surgery 
Taunton and Somerset Hospital 
Musgrove Park 

Taunton TAI 5DA 

UK 


Meconium ileus: a review 1972-1990 


Sir 

Epidemiological studies frequently provide valuable insight into the 
pathogenesis of diseases. A paper appearing recently in the Journal 
attests to the high prevalence of meconium ileus caused by cystic fibrosis 
in a Caucasian population: 53 confirmed cases presented to a surgical 
unit from 1972 to 1990 (Br J Surg 1992; 79: 571-3). Your readers 
might be interested to note that meconium ileus is by no means a rarity 
in localities like ours, where cystic fibrosis is virtually unknown. During 
the past 10 years we have seen eight cases of simple meconium ileus 
and six of complicated meconium ileus in the form of volvulus (two), 
atresia (two) and meconium peritonitis (two). All infants presented 
with intestinal obstruction soon after birth. Two neonates were 
promptly relieved of obstruction after a barium enema confirming the 
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Figure 1 Sections of ileum demonstrating a an excessive number of 
goblet cells and distended mucus glands in patients characterized by 
mucus pellets and b numerous deeply eosinophilic globules (arrows) within 
epithelial cells in patients with only tenacious meconium. (Haematoxylin 
and eosin stain, original magnification in a x 200 and in b x 400) 


diagnosis and the passing of copious amounts of lumpy meconium. 
The remainder came to laparotomy. Surprisingly enough, the findings 
were identical to those of classical meconium ileus associated with 
mucoviscidosis. In three patients there were characteristic pellets of 
grey mucus, while the rest had only tenacious viscid meconium without 
pellet formation. The operative procedures included Roux-en-Y 
ileostomy in five patients, double enterostomy in three and primary 
anastomosis in four. There was no operative death. Two babies 
developed recurrent meconium obstruction despite complete evacu- 
ation at operation. They responded well to repeated irrigation with 
acetylcysteine solution via the ileostomy. One baby suffered recurrent 
episodes of rectal prolapse, complicated later by rectal stricture which 
was treated successfully by dilatation. All children have enjoyed normal 
growth, even though two girls continue to pass beads of faeces 
resembling rabbit’s stools, requiring prolonged administration of 
acetylcysteine. 

Rectal biopsy confirmed Hirschsprung’s disease in one patient from 
each group. Sweat tests were uniformly negative. Pancreatic biopsies 
in two cases were reported as normal. With the distinct exception of 
those from the two neonates with Hirschsprung’s disease, the majority 
of bowel specimens showed the typical histological appearance of 
prominent goblet cells and distended mucus glands. In addition, in 
those patients with mucus pellets, the goblet cells were so numerous 
that they formed a continuous layer. In the two patients with only 
sticky meconium, abundant eosinophilic globules were seen inside most 
of the epithelial cells (Figure 1). They were more deeply stained than 
the extracellular mucoprotein. It appears that abnormal secretion from 
small intestinal mucus glands plays the main role in the causation of 
inspissated meconium. 


W. T. Ng 
M. K. Wong 
C. K. Kong 
C. H. Cheung 
Y, T. Chan 
Department of Surgery 
Princess Margaret Hospital 
Lai King Hill Road 
Hong Kong 
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Vascular inflow exclusion and hepatic 
resection 


Sir 

J read with interest the article on vascular inflow exclusion and hepatic 
resection by Dr Taniguchi and colleagues (Br J Surg 1992; 79: 672-5). 
I agree with their conclusion that vascular inflow exclusion may not 
be essential for successful hepatic resection, but it is not fully supported 
by the data they present. 


First, they put various resection cases in group 1 that are actually” 


partial hepatic resections without vascular exclusion or standard 
lobectomies. Of 32 patients in the group, there are five cases of 
hepatectomy involving less than one segment and 14 of lobectomy. 
Major lobectomy should not be included in the same group as the 
other partial hepatic resections, particularly involving less than two 
segments. Standard major lobectomy is performed similarly to hepatic 

, resection: with vascular exclusion in the sense of treating the vessels 
supplying the hepatic lobe. 

Second, I cannot find the tumour diameter or tumour location in 
each group. Even if hepatectomy is performed without vascular 
exclusion, small tumours can be resected without much bleeding when 
situated in the lower part of segment V or VI or segments II or IM. 

Third, cirrhosis and non-cirrhosis should not be mixed up in a 
group: their intrahepatic vascular pattern is quite different, as shown 
on hepatic angiograms, and cirrhotic livers are usually associated with 
coagulation disorders that may increase intraoperative bleeding. 


T. Ezaki 


Second Department of Surgery 

University of Occupational and Environmental Health 
School of Medicine 

Kitakyushu 807 

Japan 


Authors’ reply 


Sir 

We acknowledge Dr Ezaki’s comments on our paper. First, we would 
like to define the term hepatic resection, since there may have been 
some confusion. In our paper a right lobectomy refers to a right 
trisegmentectomy, a left lobectomy to a lateral segmentectomy, and a 
hepatectomy to a right or left bisegmentectomy!?. 

Ina hepatectomy, hepatic dissection after division of both the portal 
vein and the hepatic artery on the operative side is never standard!-?. 
When a right lobectomy is carried out after division of these vessels, 
the dissecting line is along the part of the liver with a blood supply. 
Even if a right or left hepatectomy is carried out, bleeding can occur 
from the raw surface on the opposite side of the liver. If inflow exclusion 
is performed during hepatectomy after division of these vessels, the 
case should be classified within the total inflow exclusion group 
(group 3) when a comparison of liver remnant function is made. When 
checking postoperative liver function, cases of right or left hepatectomy 
without vascular inflow exclusion must be included in group 1 (no 
hilar vascular exclusion). 

We disagree with Dr Ezaki’s second comment. We think that 
operative blood loss is not related to tumour size, but to the volume 
of liver resected. That is, even if a tumour is small, a wide resection 
may produce massive bleeding. Accordingly, we reported the extent of 
resection in Table 2. No tumorectomy was carried out in the current 
study. Tumour site may affect operative blood loss. For example, a 
tumour near the major hepatic vein may result in massive bleeding. 
However, we think there is no difference in blood loss according to 
the liver segment removed. The resection of segments other than I, 
Ill, V or VI may produce massive bleeding (as he pointed out) if the 
incision is inappropriate because only an abdominal approach is 
possible. However, using a thoracolaparotomy* resection of segment 
VII or VIII can be performed as easily as resection of the other liver 
segments. 

It may be true that coagulation disorders are associated with liver 
cirrhosis*, but the influence of this condition on operative blood loss 
is unclear. The current study showed no significant differences between 
patients with and without liver cirrhosis in group 1, 2 or 3. Indeed, 
blood loss in patients with liver cirrhosis was less than in those without 
cirrhosis in group 2. Moreover, the correlation coefficient between 
15-min indocyanine green clearance rate (ICGR,,) and blood loss was 
very small, showing the relation to be insignificant. Accordingly, 
cirrhotic and non-cirrhotic cases were combined, and the number and 
ICGR,, value were listed in Table 1. Because of so-called negative 
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data, there is actually no difference when there is no significant 
difference statistically. 

The point of our paper is that a successful operation can be carried 
out if bleeders on the raw surface are treated without vascular inflow 
exclusion. From our experience, there is no more bleeding from the 
raw surface of a cirrhotic liver than from the raw surface of a 
non-cirrhotic organ. Bleeding is associated with hepatic hilar treatment 
of the cirrhotic liver. Accordingly, we think that our results can be 
applied to both cirrhotic and non-cirrhotic livers. 

H. Taniguchi 
A. Oguro 
T. Takahashi 


First Department of Surgery 

Kyoto Prefectural University of Medicine 
Kawaramachi-Hirokohji 

Kyoto 602 

Japan 
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Primary versus staged resection for acute 
obstructing colorectal carcinoma 


Sir 

I read with interest the recent article by Dr Sjödahl and co-workers 
(Br J Surg 1992; 79: 685-8). Their concluding comment, that resection 
of a rectosigmoid tumour with colocolic anastomosis is possible in 
most instances, may have some merit but is not in any way supported 
by the figures produced. 

As they suggest, primary resection of obstructing right colonic 
tumours is not controversial. But of the cases presented there were 
only 18 resections of left-sided lesions, and 11 of these were Hartmann’s 
procedures, leaving only seven patients receiving resection and 
anastomosis as advocated. In view of the shortage of cases, it is 
particularly surprising that they chose to exclude patients in whom 
barium could be forced proximal to the obstruction. They do not cite 
any evidence to suggest that such patients are a separate group with 
a different prognosis to others with clinical and plain radiological 
evidence of obstruction. Because of valve-like effects in the bowel, failure 
to demonstrate retrograde flow may not imply complete antegrade 
obstruction or vice versa. It is possible that such findings reflect more 
the patient’s ability to retain the enema and the radiologist’s skill and 
persistence than severity of disease. 

The length of stay and morbidity and mortality rates for restoring 
bowel continuity after Hartmann’s procedure were included, but no 
mention was made of how many patients had reconstructive operations 
after Hartmann’s procedure. From other series, one would expect this 
to be considerably less than 100 per cent. 

Good results for emergency colorectal resection by specialist 
surgeons in busy centres are to be applauded. However, most surgeons, 
whether or not trainees of 5 or more years’ standing, have more sporadic 
opportunities to operate on such patients and should not be seduced 
into underestimating the difficulty of performing a good cancer resection 
and a reliable anastomosis in the presence of distended fragile and 
unprepared bowel. There is still a place for preliminary decompression 
of left-sided colonic obstruction with subsequent resection of 
uncompromised bowel in preference to a brave attempt at resection 
frequently resulting in an effectively permanent colostomy following 
Hartmann’s procedure. 


F. Hinson 


Downe Hospital 
Downpatrick 
County Down 
UK 
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Authors’ reply 


Sir 

Mr Hinson’s concern that the issue about resection and primary 
anastomosis for obstructing colonic cancer is moving too quickly is 
much appreciated. As he writes, the obstruction may be more or less 
complete, and the real problem is with tumours of the rectosigmoid 
colon. As clearly seen from our paper, where a rigorous definition of 
obstruction was used, there will be only a minority of patients with 
such tumours who are suitable for resection with primary anastomosis. 
The majority of patients have either more proximal tumours suitable 
for primary anastomosis or more advanced tumours that may not be 
resectable. 

We believe there are several points to be made. The tumour should 
always be explored and resection attempted by a surgeon who is 
competent for such procedures. Once the tumour has been resected, 
the choice between primary anastomosis or Hartmann’s procedure may 
depend on the experience of the surgeon. The colorectal surgeon then 
has the advantage of greater experience. The only statistical difference 
we found about the management and outcome of obstructing tumours 
was that experienced surgeons performed better in the above aims. We 
certainly agree that adequate tumour resection can be difficult, but the 
point is to match the patients’ needs with surgical competence. It is 
equally important to prepare the patient adequately for operation and 
to find the best surgeon for the job, or preferably two surgeons who 
can share the difficulties. 


R. Sjödahl 
P.-O. Nystrõm 
T. Franzén 


University of Linköping 
Department of Surgery 
S-581 85 Linköping 
Sweden 


Early gastric cancer 


Sir 

We read with great interest the retrospective analysis by Dr Farley and 
colleagues (Br J Surg 1992; 79: 529-42) on treatment results of early 
gastric cancer. The survival rate in their series (68 per cent at 5 years) 
is far less than those of series from Japan reporting figures of 
90-95 per cent. Interestingly, their survival was equivalent to that of 
an age- and sex-matched control group. 

However, one has to note that only 32 of the 48 patients underwent 
oesophagogastroduodenoscopy to define the extent of disease; 
multicentric early gastric cancer, which can be present in up to 
13 per cent of cases’, might therefore not have been detected. 
Furthermore, nothing is reported on the margins of safety when 
performing local excision or subtotal, gastrectomy, the number of 
patients who had their lymph nodes dissected, the number of nodes 
removed,-or the number of nodes examined by the pathologist. 
Therefore, it might be assumed that some of these tumours treated 
were node-positive lesions, or were incompletely resected. 

These figures should by no means be taken as standard for Western 
countries, and this assumption is reinforced by data presented at the 
recent American Society of Clinical Oncology meeting”. The survey on 
gastric cancer surgery in the USA presented by Wanebo et al. reports 
survival rates of 65 per cent after 5 years and 53 per cent after 7 years 
for stage I disease. The authors state that neither the operation nor 
the pathological examination is sufficiently standardized to draw 
conclusions or to ensure that this type of cancer is adequately treated. 

Since October 1981, 812 patients with gastric cancer were treated 
at our department. Of these, 364 (448 per cent) underwent standard 
gastrectomy (R, compartment removal, including splenectomy, 
clearing of the lymph node stations 1—12, and removal of the pancreatic 
capsule). Of those, 245 patients were judged to have undergone 
resection -for cure (Ro) and their operative mortality rate was 
3-4 per cent. Early gastric cancer was present in 85 of the patients 
(10-5 per cent) and their median age was 61-3 years. Survival at 5 years 
in this group of patients was 87-4 per cent including postoperative 
deaths*. Similar data were reported recently from two Italian groups*-*. 
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Two facts have to be discussed. (1) Why, in Dr Farley’s report, is 
the 5-year survival of a group of patients treated for gastric cancer with 
curative intent not better than that in the control group? One would 
expect tumour-related death in the treatment group to be minimized. 
(2) The type of operation reported by Dr Farley and colleagues differs 
widely. It cannot be ruled out that incomplete resections were performed 
leaving behind lymph nodes or gastric wall occupied by tumour. 

From our point of view the approach to early gastric cancer should 
not be different from that used in the more advanced stages. Our data 
show that even in Western countries 5-year survival rates >85 per cent 
result from routine radical gastrectomy with lymphadenectomy. 
Furthermore, efforts to treat patients with gastric cancer at an early 
stage of disease should encourage the extensive use of endoscopy. 


P. Hohenberger 
K. Buhl 


Department of Surgery 
University of Heidelberg 
Im Neuenheimer Feld 110 
W-6900 Heidelberg 
Germany 
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Authors’ reply 


Sir 

We appreciate the comments of Drs Hohenberger and Buhl regarding 
our paper. Because the study period started in 1965, upper 
gastrointestinal endoscopy was not employed in all patients, although 
it has recently become standard practice. Most patients underwent 
subtotal gastrectomy or a more radical resection, the only exceptions 
being two elderly patients with limited disease who had local excision 
of their tumours. Margins of 5 cm were obtained when possible, eleven 
patients had an extended lymph node dissection (R,) and the mean 
number of lymph nodes examined pathologically was 8-7 and 11-0 for 
subtotal and radical subtotal gastrectomy respectively. 

The authors are to be congratulated on their personal results with 
early gastric cancer, but their median patient age was nearly a decade 
less than in our population (69 years). This, or the increased heartiness 
of the European patient, may explain the differences in 5-year survival. 

In response to their two questions, we would not expect patients 
with early gastric cancer to have a better survival than the general 
population, any more than we would predict a survival advantage for 
patients with advanced gastric cancer. While most tumour resections 
were less radical than many recent Japanese and European authors 
have advocated, only two known intra-abdominal recurrences 
(4 per cent of patients ) occurred. We still contend that advanced patient 
age, rather than any treatment factor, resulted in our seemingly 
decreased patient survival results. Furthermore, the lack of impact on 
patient outcome compared with a control population implies that the 
treatment had no significant adverse effect in this study group. 


J. H. Donohue 
D. R. Farley 
D. M. Nagorney 
H. A. Carpenter 
J. A. Katzmann 
D. Istrup 
Mayo Clinic 
Rochester 
Minnesota 55 905 
USA 
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An Atlas of Clinical Syndromes — A Visual Aid to Diagnosis. 
2nd ed. 


H.-R. Wiedermann, J. Kunze and H. Dibbern. 266 x 197 mm. Pp. 564. 
Illustrated. 1992. London: Wolfe. 


Our previous edition of this book is much thumbed through regular 
use on the paediatric surgical neonatal intensive care unit, and this 
new edition is an expansion and improvement. It demonstrates 204 
clinical syndromes that ‘can be identified by an experienced observer 
with a physician's eye alone, and do not require extensive laboratory 
investigation’. There are black-and-white photographs of varying 
quality and radiographs when relevant; colour plates have been 
deliberately excluded and I accept the wisdom of that decision. For 
.those keen to read the original description of eponymous syndromes, 
there are plenty of secondary references, but only occasionally the 
primary reference itself. The indices are very comprehensive so you can 
find the relevant syndrome from several different.directions — name, 
major finding, or organ abnormality. Although the rapid expansion of 
clinical genetic units has made the clinical diagnosis in babies and 
children with dysmorphic features much less dependent on the 
paediatrician or paediatric surgeon looking after them, there is 
enormous pleasure in identifying a syndrome before having it confirmed 
by the geneticist. I look forward to converting this shiny new book 
into a much-thumbed version too. 


H. Griffiths 


Southampton General Hospital 
Southampton SO9 4XY 
UK 


Atlas of Organ Transplantation 


T. E. Starzl, R. Shapiro and R. I. Simmons. 310 x 255 mm. Pp. 342. 
Illustrated. 1992. New York: Gower Medical. US $150. 


Those of us who love comics (and I count myself among the masses) 
may be expecting something akin from a book with this title, and from 
that point of view this volume is a partial disappointment. I was 
expecting a series of illustrations and diagrams that could be followed 
from picture to picture, giving the practical details of the techniques 
of organ retrieval and transplantation. Indeed, the book is lavishly 
illustrated in colour with numerous excellent clear diagrams and superb 
photographs. However, in true Pittsburgh style, the authors have tried 
to ‘do it all’ in this single volume, covering the entire breadth of 
transplantation and the illustrations do not have legends but are only 
quoted in the text. Included is a detailed chapter on transplantation 
immunology and an excellent chapter on vascular access surgery. The 
chapters on transplantation of the various organs include details of 
patient selection, preoperative and postoperative care, immuno- 
suppression and management of complications. As expected, the 
chapter on liver transplantation is particularly authoritative. There are 
also enjoyable chapters on transplantation of skin, bone, cornea and 
bone marrow. There is some repetition and inconsistency, as each 
chapter has been written by different authors, with little cross-reference. 
There are also omissions, for example the duct occlusion method of 
pancreatic transplantation (which is still used successfully in some 
centres) was not mentioned in the appropriate chapter, and I was 
surprised that the chapter on multiorgan transplantation (which the 
Pittsburgh team pioneered ) was not more detailed. I suspect the authors 
have been ill advised to dispense with legends, which would have made 
the book easier to read and to reference. However, it is an impressive 
text that gives a necessarily didactic but practical lesson in the full 
breadth of organ transplantation; many surgeons (not least the 
hundreds of visitors to the Pittsburgh programme) will find it essential 
reading. 


D. W. R. Gray 


The Churchill Hospital 
Headington 

Oxford OX3 7LJ 

UK 
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Tutorials in Clinical Surgery in General. Vol. 1 


F.G. Smiddy. 215 x 137 mm. Pp. 311. Not illustrated. 1991, Edinburgh: 
Churchill Livingstone. £19-95. 


The recent changes in the structure of the Fellowship examination of 
The Royal College of Surgeons of England have necessitated some 
revision of the relevant textbooks. This text is by the same author as 
the well known ‘Tutorials in Surgery 1 and 2’, who has managed to 
produce a compact book that will be of benefit to many in their 
preparation for the new examination. It is well laid out, concise, easily 
readable, and interspersed with interesting and relevant historical 
anecdotes. The book deals with a wide variety of topics with emphasis 
on the practice and principles of surgery, and the pathophysiology of 
trauma and surgical disease. The author is a member of the Court of 
Examiners of The Royal College of Surgeons of England and the 
contents of the book are designed around the College’s guide to the 
Fellowship. Because of the nature and size of the book, it does not 
cover in any great detail the traditional general surgical topics, but it 
should have wide appeal beyond the confines of a readership wishing 
to prepare for the new examination. 


G. Ramsay 
R. Alexander 


Western Infirmary 
Glasgow GIH 6NT 
UK 


The Ageing Surgical Patient: Anaesthetic, Operative and 
Medical Management 


D. L. Crosby, G. A. D. Rees and D. G. Seymar (eds), 236 x 150 mm. 
Pp. 457. Ilustrated. 1992. Chichester: John Wiley. £65. 


Anaesthetists and surgeons have been made aware through the many 
recent morbidity and mortality studies of the need to define the risks 
of all surgical operations and then, if appropriate, to optimize the 
patient’s preoperative treatment. In the elderly patient, the incidence 
of concurrent pathology is high. As the number of patients aged 65 
years or over accounts for about 20 per cent of all hospital admissions, 
there is real likelihood of important pathophysiological changes being 
present in many surgical patients. The value of rehydration, 
preoperative physiotherapy, drug prophylaxis against sepsis and 
postoperative thromboembolism are well recognized, and present 
techniques discussed. The need for a book like this has never been 
greater. The reviewer must ask, therefore, how wel] the authors have 
addressed the task of identifying the. various pathological and 
pharmacological challenges. What tests are really relevant in our 
assessment of the fitness of these patients and what anaesthetic 
approaches can be offered? 

The combination of editors (a surgeon, an anaesthetist and a 
specialist in geriatric medicine) have clearly achieved their aims. The 
opening chapter describes the general principles of the physiology and 
pathophysiology of ageing and then progresses to outline the important 
anaesthetic considerations in the elderly. My only criticism is the rather 
scant discussion of the various methods available for postoperative 
analgesia in these at-risk patients. This may reflect the present lack of 
good controlled clinical trials addressing these issues in the elderly (too 
much opiate may result in respiratory depression and postoperative 
oxygen desaturation; too little analgesia may limit the efficacy of 
respiratory physiotherapy, with the development of atelectasis and 
infection). Studies are needed to assess the relative efficacy of 
intramuscular systemic opioids, patient-controlled analgesia and 
epidural analgesia in various groups. 

The individual systems of the body and their associated surgical 
problems are well reviewed in the remaining chapters. My favourites 
were those by Gingell and Dodds (the urological patient) and Chant 
and colleagues (vascular surgery), but this is not to decry the value of 
the others. 

Despite having adequately assessed the patient and provided ideal 
anaesthesia, postoperative care may require the facilities of an intensive 
care unit. Mortality rates in such units are higher in these elderly 
patients. However, as stated clearly by Foy (Chapter 12), ‘age must 
not be used as a cut-off point to refuse admission for intensive care 
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treatment’. It is essential that both medical and nursing staff regularly 
review the progress of these elderly patients, so that decisions to pursue 
or withhold active treatment are made on a rational basis. 

At the end of the book is a chapter by John Lunn that should be 
read by all surgeons and anaesthetists. What are the risks of anaesthesia 
and surgery in a particular patient? Are we really doing the correct 
thing by operating on near-moribund elderly patients? If there are no 
high-dependency or intensive care beds, are we justified in submitting 
elderly patients to prolonged surgery from which they may succumb 
in the immediate postoperative period? Outcome is measured not only 
by mortality rate, but also by quality of life. 

This book offers answers to many of the questions I have raised. I 
hope the messages are widely disseminated to anaesthetists and 
surgeons, both junior and senior. i 


J. W. Sear 


The John Radcliffe Hospital 
Oxford OX3 9DU 
UK. 


Terminology, Definitions and Diagnostic Criteria in Digestive 
Endoscopy. 2nd ed. 


Z. Maratka (ed.). 245 x 168mm. Pp. 141. Illustrated. 1988. Bad 
Homburg: Normed Verlag. DM49. 


Illustrated Terminology, Definitions and Diagnostic Criteria in 
Digestive Endoscopy 


Z. Maratka (ed.). 245 x 168mm. Pp. 64. Illustrated. 1992. Bad 
Homburg: Normed Verlag. DM69. 


These companion volumes stem from the work of the Committee of 
the World Society of Digestive Endoscopy (OMED), which was 
established in 1978. The purpose was to provide a strict terminology 
of endoscopic and laparoscopic findings that would provide a uniform 
international language. Each descriptive term is accompanied by a code 
that permits computerization. The first English edition of the 
Terminology was published in 1984 and was subsequently followed by 
editions in five other languages. A 2nd updated edition appeared in 
1988, followed by an Illustrated Terminology in 1992 providing 156 
endoscopic views of the normal and abnormal gastrointestinal tract. 

While the principle of the venture is admirable, the outcome is in 
some ways disappointing. Terms such as ‘fundus’ of the stomach, 
‘angiodysplasia’ and ‘proctitis/colitis’ must be avoided in favour of 
‘fornix’, ‘angiectasia’ and ‘red (hyperemic). Instead of ‘erosive 
oesophagitis’ we must use ‘hemorrhagic esophagopathy’. The extensive 
use of American-style English spellings is most uncomfortable to those 
accustomed to the Oxford English Dictionary; the literal translation 
of some central European terms results in a disconcerting 
pseudo-English — ‘red bleeding per rectum’ becomes ‘hematochezia 
(enterorrhagia)’. The codes seem overly elaborate: for ‘spasm’ it is 
“1.1.3.1.2’ and for ‘melena’ ‘1.6.4.2.3’. A ‘yellowish’ liver at laparoscopy 
is to be coded ‘7.3.6.3.2.2’. At times the whole exercise becomes almost 
unreal. A regular dilated pancreatic duct is coded ‘8.1.2.1.1.3.2.1’ — why 
not simply give the diameter? There is an index but this is not user 
friendly. 

Endoscopists in training will find the //lustrated Terminology useful 
to browse through. Each of the 156 pictures is accompanied by a helpful 
line drawing, although the accompanying codes are a distraction. 
(Incidentally, Barrett’s oesophagus is illustrated but under the title of 
‘brachyesophagus’.) There are no laparoscopic pictures. 

Recommendation: inspect before you buy. 


J. P. Neoptolemos 


Dudley Road Hospital 
Birmingham B18 7QH 
UK ; 
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Book reviews 


Medical Management of the Surgical Patient 


G. J. Merli and H. H. Weitz (eds). 209 x 125mm. Pp.462. Not 
illustrated. 1992. London: W. B. Saunders. £19-50. 


This book, sets out to provide an up-to-date guide to medical 
management of the surgical patient. It is ambitiously aimed at a wide 
readership: anaesthetists, surgeons, physicians, physicians in training 
and medical students. There are 19 chapters by 27 authors dealing with 
diseases involving most systems of the body. The authors are all 
American and there are some recommendations for investigations that 
are clearly coloured by the medicolegal problems besetting medicine 
in the USA. It is particularly unfortunate that the first chapter deals 
with medical consultation in an unnecessarily involved and didactic 
fashion. Read on, however, because most of the other chapters are 
excellent. Generally the topics are covered in a comprehensive fashion 
and it is pleasing to see that the value of history taking and physical 
examination are given proper emphasis in the assessment of the 
preoperative patient. The chapters on outpatient anaesthesia and 
malignant disease are extremely banal and could have been omitted. 
In a few instances the emphasis is wrong; for example, the section on 
endocrine disorders devotes twice as much space to thyroid disease as 
to diabetes, and the views expressed on the perioperative management 
of diabetes could be challenged. 

Despite these minor problems, the book is comprehensive, well 
referenced and the management strategies well argued and presented. 
It can be thoroughly recommended for all medical personnel involved 
in the care of surgical patients. The valuable appendices provide a 
quick aide memoire to the problems associated with major surgical 
procedures in a format that is easy to access. This section should be 
particularly helpful to doctors in training. 


B. Leatherdale 


Royal South Hants Hospital 
Southampton SO9 4PE 
UK 


Advances in Surgery. Vol. 84 


F. G. Moody, W. Montorsi and M. Montorsi (eds). 240 x 165mm. 
Pp. 465. Not illustrated. 1992. New York: Raven Press. US $137-50. 


This book is Volume 84 in a long line of symposia publications in the 
past decade from Raven Press. It is the outcome of a symposium on 
advances in surgery held in Milan in 1990. There are 96 chapters, 
covering aspects of the whole spectrum of surgery and surgical science 
from transplantation to microsurgery of the hand, from ophthalmology 
to proctology. 

Most contributions are the reflections and opinions of the 
moderators of the individual sessions — usually one Italian contributor 
and one surgeon from the international panel of visitors, Some 
contributions, ¢.g. on cancer of the oesophagus, represent a substantial 
review of the papers presented, while others seem to reflect the expert 
opinion of the moderator. Most are light reading and contain many 
interesting gems of information for the non-specialist in the field. 

The intended readership of the book is difficult to define. General 
surgeons will find the subject matter too diffuse and of insufficient depth 
in their area of interest. For the same reason it will be of limited value 
to the Fellowship candidate. Nevertheless, if picked up in the library 
it is a most interesting book to browse through. 


S. T. D. McKelvey 


The Ulster Hospital 
Belfast BT16 ORH 
UK 
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Notices and announcements 


21 January 1993 

London Vascular Debating Group 
Symposium- Vascular Trauma 

London, UK 

Information: Mr J. H. N. Wolfe, St Mary’s 
Hospital, Praed Street, London W2 1NY, UK 


11-12 February 1993 

British Surgical Stapling Group Fourth 
Annual Symposium 

Birmingham, UK 

Information: Sally Smith, BSSG, c/o King’s 
Ride Park, King’s Ride, Ascot SL5 8BP, UK 


22-24 February 1993 

Sixth Annual Congress of the North 
American Society of Phlebology on the 
Advances in Sclerotherapy and the 
Advances in Surgical and Medical 
Treatment of Venous Disease 

Lake Buena Vista, Florida, USA 
Information: North American Society of 
Phlebology, 511 Encinitas Boulevard, 
Suite 111, Encinitas, CA 92024, USA 


5-7 March 1993 

Impact of HIV Infection on the 
Gastrointestinal Tract 

Bologna, Italy 

Information: Noema Congressi, Via Lame 24, 
40122 Bologna, Italy 


12-15 March 1993 

7th Congress of the Western Pacific 
Association of Critical Care Medicine 
Hong Kong 

Information: Ms E. Lindsay, Secretariat, 
International Conference Consultants Ltd, 
Suite A/B, 16 F, Casey Building, 38 Lok Ku 
Road, Sheung Wan, Hong Kong 


19-20 March 1993 

2nd European Congress on Ambulatory 
Surgery : 
Brussels, Belgium 

Information: Dr Cl. De Lathouwer, Brussels 
One Day Clinic, Nouvelle Clinique de la 
Basilique, 37-47 Rue Pangaert, B-1080 
Brussels, Belgium 


29-30 March 1993 
General Thoracic Surgery: Surgery of 


the Esophagus 
Boston, Massachusetts, USA 
Information: Department of Continuing 


Education, Harvard Medical School, PO Box 
825, Boston, Massachusetts 02 117, USA 


31 March-2 April 1993 

UICC Kyoto International Symposium 
on Recent Advances in Management of 
Digestive Cancers 

Kyoto, Japan 

Information: Professor T. Takahashi, Depart- 
ment of Surgery, Kyoto Prefectural University 
of Medicine, Kamigyo-ku, Kyoto 602, Japan 
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5 April 1993 

Injury Research Group 1993 Meeting 
Milton Keynes, UK 

Information: Dr R. N. Barton, North-western 
Injury Research Centre, Stopford Building, 
University of Manchester, Oxford Road, 
Manchester M13 9PT, UK 


14-16 April 1993 

Association of Surgeons of Great Britain 
and Ireland Annual Meeting 
Birmingham, UK 

Information: Caroline Ross, Association of 
Surgeons of Great Britain and Ireland, at The 
Royal College of Surgeons of England, 35-43 
Lincoln’s Inn Fields, London WC2A 3PN, 
UK 


18-22 April 1993 

International Congress on Advances in 
Brain Revascularization 

Eilat, Israel 

Information: Orta Ltd, 2 Kaufman Street, PO 
Box 50 432, Tel-Aviv, Israel 61 500 


19-22 May 1993 

Eighty-fourth Annual Meeting of the 
American Association for Cancer Research 
Orlando, Florida, USA 

Information: AACR Office, Public Ledger 
Building, 620 Chestnut Street, Suite 816, 
Philadelphia, Pennsylvania, USA 


3-5 June 1993 

First European Congress of the 
European Association for Endoscopic 
Surgery 

Cologne, Germany 

Information: Medikon-Heide Harzheim, Irm- 
traud Surmann, PO Box 501470, D-5000 
Köln, Germany 


7-8 June 1993 

8th International Symposium — Applied 
Physiology in Clinical Respiratory Care 
Rotterdam, The Netherlands 

Information: Dr O. Prakash, Thorax Centre 
BD 164, Dijkzigt Hospital, Dr. Molewaterplein 
40, 3015 Rotterdam, The Netherlands 


8-11 June 1993 

World Association of HPB Surgery Ist 
European Congress of Surgery 

Paris, France k 

Information: EHPBS Congress Secretariat, 
Congress House, 65 West Drive, Cheam, 
Surrey SM2 7NB, UK 


9-12 June 1993 

The Endocrine Society 75th Annual 
Meeting 

Las Vegas, Nevada, USA 
Information: Ann Singer, The Endocrine 
Society, 9650 Rockville Pike, Bethesda, 


” Maryland 20814, USA 


4-9 July 1993 

Endosurgery — the State of the Art 
Hamilton Island, North Queensland, 
Australia 

Information: Kathy Noble, Centre for the 
Study of Endosurgery, Department of Surgery, 
Alfred Hospital, Commercial Road, Prahran, 
Victoria 3181, Australia 


5-8 July 1993 

First International and Eighth European 
Conference on Clinical Hemorheology 
Vienna, Austria 

Information: Professor E. Ernst, Department 
of Physical and Medical Rehabilitation, 
University of Vienna, AKH Wihringer Gürtel 
18-20, 1097 Vienna, Austria 


6 July 1993 P 

Current Issues in Epidemiology: the 
Prevention and Control of Chronic 
Disease 

Cambridge, UK 

Information: Courses Department, The British 
Council, 10 Spring Gardens, London 
SW1A 2BN, UK. 


6-17 July 1993 

Current Practice in Neonatal and 
Paediatric Surgery 

Manchester, UK 

Information: Courses Department, The 
British Council, 10 Spring Gardens, London 
SW1A 2BN, UK 


8-9 July 1993 

Surgical Research Society Meeting 
Dundee, UK : 

Information: Professor J. R. Farndon, Depart- 
ment of Surgery, Bristol Royal Infirmary, 
Bristol BS2 8HW, UK 


8-10 July 1993 

XVIiith Internationa] Update on Liver 
Disease 

London, UK 

Information: Professor N. McIntyre, Univer- 
sity Department of Medicine, Royal Free 
Hospital, Pond Street, London NW3 2QG, 
UK . 


8-10 July 1993 

Sth South-east European Symposium of 
Paediatric Surgery 

Graz, Austria 

Information: Professor M. E. Höllwarth, 
Department of Paediatric Surgery, University 
of Graz, Heinrichstraße 31, A-8010 Graz, 
Austria 


15-18 September 1993 , 

Eurosurgery ’93 

London, UK ` 
Information: Professor J. P. S. Lumley, 
Secretariat, Eurosurgery ’93, The Royal 
College of Surgeons of England, Lincoln’s Inn 
Fields, London WC2A 3PN, UK 
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Instructions to authors 





The British Journal of Surgery publishes original articles, 
reviews and leading articles. Short notes, case reports and 
surgical workshops are also accepted. All manuscripts are 
submitted to editorial review. 


An article is reviewed for publication on the understanding that 
the work it reports has not been submitted simultaneously to 
another journal, has not been accepted for publication 
elsewhere and has not already been published. Any detected 
attempt at dual publication will lead to automatic rejection and 
may prejudice acceptance of future submissions. Articles and 
their illustrations become the property of the Journal unless 
rights are reserved before publication. The title page should 
indicate if the paper is based on a previous communication 
to a society or other meeting. Authors are requested to send 
three copies of original articles and other editorial matter 
to: The Senior Editor, The British Journal of Surgery, 
Butterworth—-Heinemann Ltd, 59/60 Grosvenor Street, 
London W1X 9DA, UK. Telephone: 071-493 5841. Facsimile: 
071-499 3384. 

Books for review should be sent to the same address. 


A covering letter must accompany all submissions and must be 
signed by all authors. The covering letter should state if an 
abstract of the work has been published and whether the 
authors wish the manuscript and/or illustrations to be returned 
if the work is not accepted. The first named author is responsible 
for ensuring that all authors have seen and approved the 
manuscript and are fully conversant with its contents. 


Rejected manuscripts will not be returned to the authors, unless 
this is specifically requested. 


Ethics 

The Journal publishes all material relating to human 
investigation and animal experiments on the understanding that 
the design of the work has been approved by local ethical 
committees or that it conforms to standards currently applied in 
the country of origin. The Journal further reserves the right 
not to publish an article on the grounds that appropriate ethical 
or experimental standards have not been reached. Written 
consent must be obtained from the patient, legal guardian or 
executor for publication in The British Journal of Surgery of 
any details or photographs which might identify an individual. 
Evidence of such consent should be submitted with the 
manuscript. 


Preparation of manuscripts 


The British Journal of Surgery subscribes to the policy of 
uniform requirements for manuscripts which is designed to 
permit authors to resubmit papers to journals without extensive 
recasting. Authors are advised to consult the British Medical 
Journal 1988; 296: 401-5 or the Annals of Internal Medicine 
1988; 108: 258-65, or to obtain the leaflet ‘Uniform 
Requirements for Manuscripts Submitted to Biomedical 
Journals’ from The Editor, British Medical Journal, BMA 
House, Tavistock Square, London WC1H 9JR, UK (cost £1-00 


per copy). 


Authors are responsible for the accuracy of their report 
including all statistical calculations and drug doses. When 
quoting specific materials, equipment and proprietary drugs, 
authors must state in parentheses the name and address of the 
manufacturer. Failure to do so will result in delay in publication 
as the Journal considers that this information is essential for 
any reader who wishes to obtain similar material., Generic 
names should normally be used. 
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Original articles 


Original articles should normally be in the format of 
introduction, methods, results, discussion. Each manuscript 
should contain a summary on a ‘separate page. Authors are 
reminded that there is considerable pressure on editorial space 
in the Journal. Lengthy manuscripts are likely to be returned 
to authors for shortening. The discussion in particular should 
be clear and concise, and should be limited to matters arising 
directly from the results. Authors should avoid discursive 
speculation. 


Reviews 


The Editorial Board of The British Journal of Surgery 
encourages submission of review articles on topics of interest 
to its readers. Any topic will be considered, but priority will 
be given to those addressing a major current problem. The 
author of each accepted review will receive an honorarium. 
Potential authors seeking advice on the suitability of review 
topics are advised to contact: Mr J. A. Murie, University 
Department of Surgery, The Royal Infirmary, Edinburgh 
EH3 9YW, UK. 


Leading articles 


The Editors commission signed leading articles to The British 
Journal of Surgery. These articles are 600-1000 words in length, 
address controversial topics of current interest and are 
supported by key references. Submissions may be subjected to 
external review and assessment by the Editorial Board before 
acceptance. The Editors retain the right to alter style and 
shorten material for publication. An honorarium is payable on 
publication. 


Short notes 


These are original observations presented in brief form. They 
should follow the standard format of introduction, methods, 
results and discussion, but no summary is required. Short notes 
should not exceed 500 words with a maximum of five references 
and one table or one figure. 


Case reports 


The British Journal of Surgery receives an increasing number 
of case reports each year. Space within the Journal remains at 
a premium and the rejection rate is high. Case reports should 
be no more than 500 words, with no more than five references 
and one illustration. 


Surgical workshops 


These describe technical innovations or modifications which 
may be useful in surgical practice. These articles should be less 
than 500 words long; they may be accompanied by no more 
than two figures and up to five references. 


Typescripts 

It is essential that manuscripts be clearly reproduced with 
adequate space for editorial notes. Papers must be typewritten 
or printed on A4 paper (210 x 297 mm) on one side of the paper 
only with double spacing and 4 cm margins. Manuscripts which 
do not conform to these requirements will be returned to the 
authors for recasting. Each of the following sections should 
begin on a new page: title page, summary, text, acknowledge- 
ments, references, tables, legends for illustrations. The text 
should usually follow the standard sequence of introduction, 
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methods, results and discussion. These sections should run 
sequentially through the text, avoiding blank space between 
them. 


Title page 


The title page should give: (1) the title of the article; (2) the 
name and initials of each author; (3) the department and 
institution to which the work should be attributed; (4) the 
name and address of the author responsible for correspondence 
and to whom requests for reprints should be addressed; 


(5) sources of financial support; and (6) the category in which | 


the manuscript is being submitted (original article, case report 
etc. ). 7 


Summary 


The second page of the manuscript should carry a summary 
of not more than 150 words. It should embody the purposes 
of the study ór investigation, basic procedures (study material 
and observational and analytical methods), main findings (with 
specific data and their statistical significance, if possible) and 
the principal conclusions. 


Tables and illustrations 


Three copies of all illustrations and tables should be submitted. 
Each table with an appropriate brief title should be typed on 
a separate page. At least one set of illustrations (line drawings, 
radiographs, photomicrographs etc.) should be submitted in 
the form of glossy prints, original transparencies, or negatives 
and should not be mounted. Photocopies should be of sufficient 
quality to enable the Journal’s referees to judge their content 
and-value. Each illustration should have a label pasted on the 
reverse side giving its number (to correspond with its reference 
in the text) and the name(s) of the author(s}; the top of the 
illustration should be indicated. Illustrations should be drawn 
and labelled appropriately for reduction to one or two column 
widths of the Journal. Explanations of symbols and shading 
used should appear in the legend. Survival curves should be 
accompanied by a table giving the actual numbers of patients 
involved. The legends to illustrations and the footnotes to tables 
should contain brief but comprehensive explanations of the 
information contained therein. Prospective authors are strongly 
advised to refer to recent issues of the Journal for examples of 
accepted layout. A contribution towards the cost of colour 
reproduction is usually requested. If a table or an illustration 
has been reproduced from a published work the original source 
thereof must be given in full. Permission to use published work 
must be obtained from the original author and the publisher 
before submission. 


Abbreviations 


Authors should limit the use of abbreviations. Terms which are 


mentioned frequently may be abbreviated but only if this does ` 


not detract from reader comprehension. Abbreviations should 
be used consistently throughout the text and, must be clearly 
defined on first use. 


Numbers and units 


The decimal point, not a comma, is used, e.g. 5:7. A space and 
not a comma follows thousands and multiples thereof, e.g. 
10000. SI units (International System of Units) should be used 
except for the measurement of blood pressure (mmHg). Where 
measurements were made in non-SI units, the actual values 
and units should be given, with SI equivalents inserted in 
parentheses at appropriate points. 


References 


References should be typed with double spacing and cited in 
the Vancouver style (see above: Uniform Requirements for 
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Manuscripts Submitted to Biomedical Journals). Reference 
to abstracts from meetings is discouraged; reference to 
unpublished communications is not acceptable. Personal 
communications should be cited in the text, in parentheses. The 
first author is ‘responsible for confirming the acceptability of 
the material quoted with the originator. 


In the text, references should be Habesi consecutively by 
superscript : 1? or 1-3, References cited only in tables or figures 
should be numbered in sequence according to the first mention 
of the table or figure in the text. The sequence for a standard 
journal article should be: author(s); title of paper; journal 
name abbreviated as in Index Medicus (written in full if no 
abbreviation quoted ) and year of publication ; volume number; 
page numbers. For example: De Bolla AR, Obeid ML.’ 
Mortality in acute pancreatitis. Ann R Coll Surg Engl 1984; 
66: 184-6. The sequence for the chapters of a book-should be: 
author(s); chapter title; editors; book title; place of 
publication; publisher; year of publication; page numbers, 
For example: Calenoff L, Rogers L. Esophageal complications 
of surgery and lifesaving procedures. In: Meyers M, 
Ghahremani G, eds. Iatrogenic Gastrointestinal Complications. 
New York: Springer-Verlag, 1981: 123-63. 


Statistics ; 

For detailed guidance on the handling of statistical material, 
authors should consult The British Journal of Surgery 1991; 
78: 782-4. The Editors and statistical referees in evaluating a 
manuscript will consider the design of the study, the 
presentation of the data, the analysis of the data, and the 
interpretation of the results. 


Design 


Authors should set out clearly the objectives of the study, should 
identify the primary and secondary hypotheses, and should 
explain the rationale for the choice of sample size. 


Presentation 


Whenever possible a graphical presentation should be used to 
illustrate the main findings of a study. The use of standard 
deviation and standard error should be clearly distinguished. 
The use of the ‘+’ symbol should be avoided ; these statistics 
should be presented in parentheses after the mean value. 


Analysis 


There should be a clear description of which methods were 
used for which analyses, and any methods not in common usage 
should be supported by references. Results of statistical tests 
should be reported by stating the value of the test statistic, the 
number of degrees of freedom and the P value. For example, 
‘t = 1:34, 16 d.f., P = 0-20’ might be reported. Actual P values 
should be reported, to two decimal places, especially when the 
result is not significant, rather than stating ‘not significant’. 
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Interpretation 
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of the data. 
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The course is aimed at general surgeons who wish to 
update with laparoscopic techniques covering 
instrumentation, equipment, cholecystectomy, 
appendicectomy, techniques of haemostasis using 
ligatures, clips and staples, principles of suturing and 
knotting. 
Course fee: A$1,500.00 
Limited to nine (9) registrants. 
Location: Royal Brisbane Hospital, 
Brisbane, Queensland, 
AUSTRALIA. 
3-day courses held at regular intervals, 
Further information may be obtained from: 
Ms Judy James 
Department of Surgery 
The University of Queensland 
Royal Brisbane Hospital, Herston 
Queensland 4029 AUSTRALIA 
Telephone: +61 7 365-5232 
Facsimile: +61 7 252-5063 
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The Esophageal Bougie With a Lighted Tip 


BioEnterics' EndoLumina Illuminated Bougie 
is a silicone-sheathed fiberoptic bundle 
bonded to a soft, clear flexible tip. It is 
designed to be attached to a fiberoptic cable 
and 300 watt light source 


For Transluminal Illumination During 
Laparoscopic and Thoracoscopic Surgery 


The reusable Endolumina Illuminated Bougie 
is simply slipped down the esophagus by the 
anesthesiologist 
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For Transillumination of the Esophagus 





Light transmitted through the clear tip passes 
through the esophageal wall, creating a glow 
that speeds identification of the esophagus 


during laparoscopic or thoracoscopic surgery. 


For more information, please contact your local 
dealer or call the international headquarters for 
all BioEnterics products; 


Inamed B.V. 

Telephone: 31 (0)76.711411 
In the U.K., please contact; 

Mantis Surgical Ltd. 

Telephone (0)635 550100 
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MR MICHAEL PIETRONI 


Michael Cyril Pietroni (born 1937) is a consultant surgeon at 
Whipps Cross Hospital, London, where for several years he 
acted as organizer for the renowned Final FRCS Course. 
Appropriately, he has been both a member of the Examinations 
Committee and Secretary of the Court of Examiners at The 
Royal College of Surgeons of England. He was President of 
the Surgical Section of The Royal Society of Medicine in 1990. 
His clinical interests are centred on vascular and oesophageal 
surgery. 
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PROFESSOR DOUGLAS MILLER 


James Douglas Miller (born 1937) has been Professor of 
Surgical Neurology at Edinburgh since 1981, and before that 
held a similar appointment in Virginia, USA (from 1975). His 
early training had been in Glasgow, where he qualified as a 
doctor. He has served on the Neurosciences Board of the 
Medical Research Council (1984-1988). He has recently been 
elected a Fellow of The Royal Society of Edinburgh and 
President of the Society of British Neurological Surgeons 





PROFESSOR JOHN FITZPATRICK 


John M. Fitzpatrick (born 1948) is Professor of Surgery at 
University College, Dublin, and the Mater Misericordiae 
Hospital. He trained in surgery and urology in Dublin and 
London and was a senior lecturer at Trinity College Dublin 
(1981-1986 ) before taking up his present appointment. Within 
urology his interests lie particularly in ureteric motility and 
obstruction, and in renal blood flow. He is a past President of 
the Urological Research Society. 
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Monocyte expression of class Il 
antigens 


It is always difficult to define scientific originality, but Almroth Wright has been 
given much of the blame and so deserves at least some credit for the present wave 
of enthusiasm for stimulation of host defences against microbial infection. It is 
interesting to speculate what ultimate effect his views, prejudices and insights may 
have had on his pupil Alexander Fleming in recognizing the antimicrobial properties 
of penicillin. Our fascination with antibiotics has lasted nearly 50 years and it is only 
in the past decade that investigative momentum has redeveloped in the broad area 
of stimulation of a variety of innate host defence mechanisms. 

Antibiotics have unquestionably played a profound role in the modernization of 
medicine. One has only to look at the virtual disappearance in developed countries 
of the poststreptococcal illnesses of glomerulonephritis and rheumatic cardiac valvular 
disease to appreciate what the use of antibiotics has accomplished. On the other 
hand, it has become increasingly clear that even skilful rotation and an ever 
broadening spectrum of antimicrobial agents do not always fully prevent or cure 
infection, even that caused by susceptible organisms. Antibiotics continue to play a 
major role in patient care and are uniquely effective in providing systemic prophylaxis 
for operative or incisional infection. However, patients who are gravely ill with 
abnormalities of overall metabolism, nutrition or bodily function, or are seriously 
injured, frequently die as a result of infection despite the regular, judicious and even 
sequential use of antibiotics to which the offending organisms are sensitive. This 
realization is not new and a few surgeons have meticulously studied some components 
of the host defence process'. 

Our laboratory undertook an inquiry some 7 years ago into the components of 
the host defence processes, fully convinced that no measurable parameter would be 
predictive of clinical outcome. It was believed then that the extent of measurable 
abnormalities would be insignificant and unpredictive of clinical infection; indeed, 
the plan of the experiment was simply to study sequentially as many host defence 
parameters as possible. We expected to find that these were all unassociated with 
outcome in badly injured trauma patients known clinically to be likely to develop 
serious infection and that none was in any way predictive, or even characteristic, of 
patients who developed infection compared with those who did not’. To our surprise, 
empirical observations regarding monocyte expression of class II histocompatibility 
antigens (human leucocyte antigen (HLA )-DR ) emerged as a statistically significant 
characterization of severe infection. The focal point of this essay is to affirm that this 
evolutionarily early physiological function is truly important and predictive. Present 
observations are now based on the original 20 patients plus an additional 41 similar 
cases. The importance of monocyte HLA-DR antigen expression has also been 
shown in a randomized prospective comparison of a specific therapy in a multicentre 
trauma trial*. 

With thousands of observations made on hundreds of patients, we cannot yet fully 
define to what extent these abnormalities of monocyte function are intrinsic or 
constitutive characteristics, and to what extent they represent an exaggerated response 
to injury’. These observations have been made over 7 years in two different 
laboratories with different technical personnel and, in the most recently completed 
studies, from four different medical centres across the USA. The data from the initial 
61 patients indicated the important correlative role of monocyte class II antigen 
expression in the process of infection. The levels of expression in patients who were 
destined to avoid serious or invasive infection rapidly returned to normal within 1 
week of injury; levels of monocyte antigen expression in those who developed fatal 
or non-fatal infection either did not return to normal or did so only after the third 
or fourth week following injury, at which time the infection was often resolved. 
Furthermore, in the multicentre prospective trial a single early determination of the 
level of monocyte class H antigen expression was predictive of outcome with respect 
to both death and infection. Monocyte HLA-DR antigen expression, when added to 
an age-adjusted Injury Severity Score and a simple scheme of degree of bacterial 
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contamination for the injury, was again predictive of outcome in the interferon 
(IFN) y trial‘. 

We have attempted to define normality with respect to monocyte HLA-DR antigen 
expression. Our best interpretation is that in 10-15 per cent of a presumed normal 
population a relatively low percentage of monocytes express the HLA-DR antigen. 
Other individuals, whom we presume to be marginally normal, are disposed to 
subnormal HLA-DR antigen expression because of severe injury, shock and 
resuscitation. We therefore postulate that, for a small number of patients who are 
injured, such injury takes place in the presence of a constitutive abnormality. Other 
patients seem to express an acquired abnormality of monocyte antigen expression 
that possibly reflects a less than healthy response to shock, injury, resuscitation and 
surgical treatment. It may be important that restoration of this abnormal response 
occurs promptly. 

If monocytes from patients who have either low percentage expression and/or 
relatively low mean fluorescent intensity (low density of HLA-DR antigen expression) 
are incubated in the presence of certain substances, values often return towards 
normal. Not surprisingly these substances include ‘immunostimulants’ such as 
lipopolysaccharide, muramyl dipeptide, IFN-y and monophosphoryl lipid A. IFN-y 
is illustrative of several points, in that incubation of monocytes without any stimulants 
has been shown to return the proportion of monocytes that express HLA-DR towards 
normal, but incubation in the presence of IFN-y was required to restore fully normal 
values. This latter observation was confirmed by in vivo studies during the multicentre 
trauma trial*. Throughout the course of the 10-day period of therapy, patients who 
received IFN-y had monocyte HLA-DR antigen expressions that were in the nearly 
normal range; expression was well above the range for those being treated with 
placebo. On withdrawing IFN-y on the tenth day after injury, the values precipitously 
declined to the same level of activity that characterized monocytes from 
placebo-treated individuals. These test substances have numerous physiological 
actions other than restoration of monocyte class II antigen expression®, but it may 
well be that their effect on monocytes is the most important of their corrective 
functions. Chaudry et al.’ indicated, in a valid murine clinical model of haemorrhagic 
shock, that monocyte antigen presentation is a critical parameter that is returned to 
normal levels with IFN-y therapy. Furthermore, they correlated return to normal 
values with increased survival in the experimental setting. 

In this issue, Professor Guillou and colleagues at St Mary’s Hospital, London, 
provide an important parallel to studies of patients undergoing trauma®. Their work 
confirms these concepts in a high-risk elective surgical population, providing the 
preoperative data that have been missing from our studies. The similarities with work 
previously reported are a further indication that class II antigen expression is an 
important predictor as well as a likely therapeutic target. 

The purpose of this report is less to argue the relative primacy of monocytic antigen 
expression than to demonstrate that it plays a key early role, perhaps with numerous 
other substances, in the host defence response. An observation, perhaps of the greatest 
significance, is that monocytes from trauma patients receiving IFN-y therapy were 
amenable to further in vitro improvement of HLA-DR antigen expression by 
incubation in the presence of lipopolysaccharide. Clearly, sequential reconstitution 
or stimulation is a valid concept??°, and it appears that monocyte expression of 
HLA-DR antigens may be an important indicator of the effectiveness of future 
therapies. Dosage and timing will be critical in further analyses; the first is obvious, 
but optimum sequence and timing with respect to multiple agents will be difficult to 
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Announcement 


Eurochirurgie/Eurosurgery ‘93 


Following the successful Second European Congress of Surgery in Brussels in June 1992, the 
Journal is pleased to continue its association with Eurochirurgie. Our plans include publication 
of the abstracts from Eurosurgery 93 as a supplement to the September issue of the Journal. 
All oral presentations and selected posters will be included in the abstract book of the meeting. 
This will be distributed free to all regular subscribers of the Journal. 


Once again, the BJS invites submission of definitive manuscripts from papers presented at 
the meeting. These will be subjected to the normal review process of the Journal and those 
accepted will be published in a dedicated Eurosurgery issue. 

Papers from the 1992 meeting will be appearing in a special issue in March 1993: The Editors 
encourage all contributors at Eurosurgery "93 to submit their contribution in an appropriate 
form to the B/S; detailed advice on preparation of manuscripts can be found in the Instructions 
to Authors at the back of each issue. 

The Journal wishes every success to Eurochirurgie/Eurosurgery and the Editors join The 
Royal College of Surgeons of England and the numerous associated societies in welcoming 
European surgeons to London in September of this year. 


C. D. Johnson 
Associate Editor 
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Screening for breast cancer 


Screening for breast cancer by mammography is the only method of screening for 
malignancy that has been demonstrated to be of value by rigorous randomized trials. 
Current data indicate that 1 per cent of women in the 50-70 years age group could 
have their death postponed by screening and that the mortality rate from breast 
cancer can be reduced by as much as 40 per cent in women attending regularly for 
breast screening’. It is for this reason that routine: mammographic screening for 
breast cancer in defined age groups is gradually being introduced throughout the 
Western world. Other techniques of breast screening, such as clinical examination, 
teaching breast self-examination and breast ultrasonography, have not been shown 
to be of value”. While the value of mammographic screening is now generally accepted, 
a number of controversial issues still remain. 

Although consistent survival benefit has been demonstrated only in women over 
the age of 50 years, in some programmes younger women are being screened. In the 
light of currently available information, screening of these younger women cannot 
be supported and should not be offered unless as part of a specific study programme. 
While two-view mammography reduces the number of women recalled for assessment 
and slightly increases overall sensitivity”, it doubles the dose of radiation; it is 
estimated that screening by one-view mammography induces 1 cancer per year after 
10 years for every 2 million women screened. Debate continues on whether breast 
screening by mammography should be by one or two views, but in any national 
programme clear guidelines should be established and adhered to. The current 
situation in the UK, where government guidelines are that screening should be by 
single-view mammography, is that more than 40 per cent of units are screening using 
two views. This is totally unsatisfactory; it leads to confusion on the part of the 
public and among the individuals working in the units concerned. The most 
appropriate interval between mammographic screens is yet to be determined. 
Although from a cost—benefit point of view (cost per year of life gained and cost of 
quality-adjusted year of life saved) screening at intervals of 3 years of women aged 
50—64 years appears to be the most attractive policy®, the interval cancer rate climbs 
rapidly between the second and third year after the initial screen. This suggests that 
a 3-year interval is too long*. In contrast, annual mammography is almost certainly 
too frequent and the optimum frequency of screening is probably 2 years. 

There has been a dramatic increase in the number of mammography units 
throughout the world over the past 10 years. Although units in countries that have 
government-led programmes have the quality of their mammography audited, this 
is not so for many of the rest. To ensure optimal benefits from screening it is imperative 
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not only that the mammography is of the highest quality but also that patients ~ 


recalled as a result of screening are assessed and treated appropriately. At present, 
few guidelines exist on assessment of screen-detected lesions and their subsequent 
treatment. For this reason a consensus conference has been organized by the European 
Society of Mastology and will take place during February 1993 in Paris. Clear 
guidelines on quality control of mammography, subsequent diagnostic assessment 
and appropriate treatment protocols for carcinomas detected by screening will follow. 
The greatest proportion of deaths from breast cancer occurs between the ages” of 
44 and 50 years. It is unfortunate that in this age group screening for breast cancer 
by mammography has not been shown to be of benefit. Data from family history 
studies indicate that genetic factors are implicated in some women, particularly in 
those who develop breast cancer at an early age. Current attention is centred on the 
long arm of chromosome 17, where there is a gene that in some families is associated 
with hereditary breast cancer>. It appears that between 1 and 6 per cent of patients 
with breast cancer have a genetic abnormality on the long arm of chromosome 17; 
this figure increases® to between 4 and 20 per cent in women who develop breast 
cancer under the age of 45 years. Within the next few years it will be possible to 
screen women who have a first-degree relative affected with breast cancer to identify 
individuals who are carrying the abnormal gene and who are therefore at very high 
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risk of developing breast cancer. How to counsel patients identified as having a 
genetic abnormality and how they should be managed are issues currently being 
debated. However, it is hoped that genetic screening will have some impact on the 
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treatment of gallbladder calculi 
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Cholesterol gallstones form because of abnormalities in hepatic 
and gallbladder function’? Conventional cholecystectomy 
removes existing gallstones, interrupts the pathophysiological 
process and prevents recurrence. Minicholecystectomy* and 
laparoscopic cholecystectomy* have been developed to reduce 
surgical trauma while achieving the same therapeutic objectives. 
Prospective, randomized trials comparing laparoscopic with 
conventional cholecystectomy are in progress. 

Parallel with these developments, others have investigated 
the efficacy of removing the gallstones alone using techniques 
that either avoid surgery altogether*® or are minimally 
invasive™ë, Such conservative treatments carry a potential for 
- gallstone recurrence because they do not permanently interrupt 
the lithogenic process. At present, these treatments are indicated 
in patients with symptomatic gallstones who are either unfit or 
unwilling to undergo major surgery. In addition, increasing 
numbers of patients are prepared to accept a risk of recurrence 
in return for less invasive treatment®!°. The principal factor 


preventing more widespread adoption of conservative gallstone 


treatments is inability to define the risk of recurrence in 
individual patients. This paper examines the efficacy of these 
treatments and considers the challenges of predicting or 
preventing recurrence. 


Asymptomatic gallbladder calculi 


Population studies demonstrate that most people with 
gallbladder calculi have never had symptoms'!!?; only 
18 per cent will develop symptoms within 20 years of calculi 
forming!? and the risk decreases with time. A complication, 
such as acute cholecystitis, cholangitis or pancreatitis, is 
an unlikely first presentation of previously asymptomatic 
calculi!>!*_ Prophylactic conventional cholecystectomy is 
generally not warranted on grounds of either health or cost in 
patients with ‘silent’ gallstones’*. Laparoscopic cholecyst- 
ectomy or conservative treatments are unlikely to be viewed 
any differently in this situation. 


Relief of symptoms 


Treatment is indicated at present only for symptomatic 
cholecystolithiasis. Conventional cholecystectomy relieves 
biliary colic in the majority of patients. Some remain 
symptomatic after cholecystectomy because the symptoms were 
not caused by gallstones; in others persistent symptoms may 
be related to an increased incidence of alkaline gastritis and 
gastro-oesophageal reflux!®!7, 

It is now clear that both cholecystolithotomy and extra- 
corporeal shockwave lithotripsy (ESWL) are also effective in 
relieving symptoms of gallbladder calculi in a majority of 
patients!®:1819, Indeed, with ESWL biliary pain is uncommon 
more than 2 months after starting treatment!°. This suggests 


that it is the presence of calculi or, perhaps, their size rather, 
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Recent conservative gallstone treatments provide rapid relief from 
symptoms, but all have a potential for stone recurrence. They are 
indicated in patients who are unfit or unwilling to undergo 
cholecystectomy. Wider application will depend on selection of patients 
who are at least risk of recurrence, or on development of effective 
prophylactic strategies. 


than the diseased gallbladder itself that is responsible for 
symptoms. Recurrent gallstones are frequently asymptomatic 
and, arguably, do not require treatment!*-??. 


Gallstone clearance 


In general, more invasive treatments achieve gallstone clearance 
more rapidly and to a greater degree than less invasive methods. 
Oral bile acid therapy is an inefficient and expensive means of 
treating gallstones®. Even in highly selected patient groups, 
ursodeoxycholic acid has been reported?’ to achieve complete 
dissolution in only 30 per cent and partial dissolution in a 
further 30 per cent after 2 years. In contrast, when oral bile 
acid therapy is combined with ESWL, complete gallstone 
clearance may be expected within 2 years in up to 90 per cent 
of patients with a single cholesterol stone in a functioning 
gallbladder’®. Even better results have been reported by Thistle 
et al., who observed more than 95 per cent dissolution of 
cholesterol stones in 72 of 75 patients over a mean 12-5 h using 
methyl-t-butyl ether instilled into the gallbladder?*. Finally, 
cholecystolithotomy, performed either using readily available 
surgical or radiological techniques’?* or laparoscopically®, 
provides a simple and rapid means of removing gallstones. 
Moreover, cholecystolithotomy is applicable to stones of any 
chemical composition whereas oral dissolution is effective only 
for cholesterol calculi’. 


Gallstone recurrence 


Although long-term recurrence rates as high as 61 per cent have 
been reported after oral bile acid therapy*?'?®, rates as low as 
11 per cent over 3 years are anticipated after ESWL for a single 
calculus in a functioning gallbladder?”. While recurrence rates 
of up to 83 per cent have been reported after open 
cholecystolithotomy”°, short-term follow-up suggests that 
minimally invasive cholecystolithotomy may be associated with 
a lower recurrence rate+®. This may be because patients selected 
for treatment have contracting gallbladders, operative trauma 
is less and there is no intraluminal suture line to act as a nidus 
for recurrence. Reliable long-term results are awaited. 

A key issue when considering these data is whether 
recurrences are genuinely new calculi or merely growth from 
retained debris of previous stones. In bile supersaturated with 
cholesterol, the presence of crystals, stone fragments, 
non-cholesterol matrix, or cellular debris favours cholesterol 
nucleation. Adequate removal of such nucleating material is a 
prerequisite for consideration of true de novo recurrence. In 
particular, the high recurrence rates reported soon after 
dissolution may reflect the limitations of oral cholecystography 
in determining the endpoint of treatment, rather than genuine 
recurrence?®, This interpretation is supported by the 
observation?’ that calculi recurring after oral bile acid therapy 
occur predominantly in the first 5 years. Ultrasonography is 
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superior to oral cholecystography for both defining gallstone 
clearance after oral dissolution and detecting recurrence”®:>°-7! ; 
in vitro studies*? indicate that it is now possible to detect stone 
fragments as small as 1-‘Smm. Despite the use of ultra- 
sonography, however, recurrences after treatment of single 
calculi using ESWL tend to be multiple, suggesting that 
incomplete clearance of gallstone debris may still go 
undetected!®:?7, Much depends on the commitment and skill 
of the ultrasonographer**. After ESWL, adequacy of 
fragmentation may be particularly difficult to determine if the 
stone burden is large**"*5. 

Unlike dissolution therapies or ESWL, which depend on 
the resolution of radiological techniques, gallstone clearance at 
cholecystolithotomy may be confirmed visually or endo- 
scopically™8. Whether this translates into improved clearance 
and reduced recurrence rates is uncertain. 


Intermittent lithogenesis 


Retention of the gallbladder is not inevitably followed by 
gallstone recurrence; therefore in many patients the lithogenic 
process, or at least its initiation, is discontinuous? !?6. This is 
supported by the observations that cholesterol crystals and 
biliary sludge (a prestone phase) are frequently inter- 
mittent?®?7, and that gallstones are often single or belong to 
groups of similar size. Whereas some people have an ongoing 
lithogenic tendency, in others gallstones are the surviving 
evidence of a lithogenic process that has long since ceased. 
Recognized initiating factors include pregnancy, rapid weight 
loss and convalescence from abdominal surgery?®38:3?, The 
challenge facing clinicians interested in using conservative 
gallstone therapies is to devise an index of the risk of gallstone 
recurrence in individual patients, or to develop effective 
methods of prophylaxis against recurrences that are applicable 
to all patients with gallstones. 


Index of the risk of gallstone recurrence 


Differentiation between patients at low or high risk of gallstone 
recurrence would allow the best use of therapeutic options. The 
number of stones has some predictive value, in that recurrence 
is more likely after treatment of multiple calculi?®-*1. As regards 
lithogenesis, dissolution studies have demonstrated that, 
following cessation of oral bile acid therapy, in most patients 
the liver reverts to secreting cholesterol-supersaturated bile*®. 
This in itself, however, is insufficient cause for gallstones*!. 
Abnormalities in gallbladder function are essential for stone 
formation?:*? and probably determine whether there will be 
recurrence. Cholesterol gallstone formation is characterized 
by impaired gallbladder emptying*®, altered absorptive 
capacity’**45 and production of cholesterol-nucleating 
agents*?-*©, If gallbladder function is norma! then, it is argued, 
stone recurrence should not occur. 

Although many patients with gallstones have impaired 
gallbladder emptying, in more than half, emptying is normal*?. 
Gallbladder emptying has been reported to improve after 
dissolution therapy*’, but no enhancement was noted following 
ESWL**. In the latter study gallbladder emptying was 
measured by the highly reliable sum-of-cylinders method**:*°. 
Gallbladder secretion, release of nucleating agents, and the 
nucleating time of gallbladder bile may be estimated from 
samples of duodenal bile***! or, preferably, by percutaneous 
gallbladder puncture**. In patients without macroscopic 
gallstones increased total lipid and protein concentrations are 
associated with crystals**. In those with gallstones the presence 
of crystals in addition to calculi correlates with the protein 
concentration of gallbladder bile**, while the in vitro nucleation 
time correlates with concentrating capacity**. Nucleation times 
are considerably lower in gallbladder bile from patients with 
multiple rather than solitary stones**. These studies provide 
preliminary evidence that increased total lipid and protein 
concentrations in gallbladder bile indicate an ongoing 
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lithogenic tendency. Conversely, the combination of low total 
lipid and protein concentrations, longer nucleation time, 
absence of cholesterol crystals, and normal gallbladder 
emptying in patients with a solitary gallstone may indicate a 
reduced risk of stone recurrence. Further research is required 
to determine which parameters have the best predictive value. 
Meanwhile, the term, ‘functioning gallbladder’, which has been 
used to imply normal physiological gallbladder function, should 
be replaced by a more precise description of what is being 
measured. 


Prevention of gallstone recurrence 


Prophylaxis of gallstone recurrence must be effective against 
both regrowth from stone debris and new stone formation. The 
widest benefit will most likely derive from intervention in the 
production of supersaturated bile or its nucleation. Obliteration 
of the gallbladder lumen is a further option in patients 
undergoing percutaneous or open cholecystolithotomy. 


Reducing biliary cholesterol saturation 


Although therapeutic doses of chenodeoxycholic acid reduce 
biliary cholesterol saturation and cause cholesterol gallstones 
to dissolve, continuous low-dose chenodeoxycholic acid 
(375 mg day~‘) is ineffective in preventing recurrence®®. 
High-dose ursodeoxycholic acid (1200 mg day~') prevented 
new gallstone formation in patients undergoing rapid weight 
loss?®. In one report?® low-dose ursodeoxycholic acid (300 mg 
day~') significantly reduced the recurrence rate after oral 
dissolution therapy in patients younger than 50 years. However, 
the British—Belgian trial found that, although continuous 
low-dose ursodeoxycholic acid therapy (3mgkg~+ day~‘) 
halved the gallstone recurrence rate, this was not statistically 
significant?’. Long-term use of oral bile salts is not a 
cost-effective means of preventing recurrence. 

Reducing dietary cholesterol intake to 100mg day! 
(one-sixth of normal) has no significant independent effect on 
biliary cholesterol saturation in patients with cholesterol 
gallstones, although it enhances the action of oral bile salts57. 
High-fibre diets lower the cholesterol saturation of super- 
saturated gallbladder bile**°°, whereas refined carbohydrate 
increases cholesterol saturation®®. The prospect that simple 
dietary manipulation might prevent gallstone recurrence has 
obvious attractions. However, in a preliminary report, a 
combination of increased fibre (>30gday~') and reduced 
refined carbohydrate (<15gday~!) was unable to prevent 
gallstone recurrence after oral dissolution therapy*!. Diets rich 
in legumes markedly increase biliary cholesterol saturation in 
health®'; the effects of a low-legume intake on gallstone 
formation are unknown. Competitive inhibitors of cholesterol 
synthesis such as simvastatin and lovastatin®?-® also reduce 
biliary cholesterol] saturation. Moreover, use of lovastatin 
together with ursodeoxycholic acid causes a greater reduction 
in biliary cholesterol saturation than use of bile acid alone®*. 
To date, there is one report of rapid gallstone dissolution using 
this combination™. 


Prokinetic agents 

Intravenous cholecystokinin administered daily has been 
reported to prevent formation of gallbladder sludge in patients 
in an intensive care unit®*. Oral erythromycin (500 mg), which 
has motilin-like activity, increases gallbladder emptying in both 
controls and patients who have undergone cholecysto- 
lithotomy®*. Indomethacin enhances postprandial gallbladder 
emptying after cholecystolithotomy®”, in line with the proposed 
role of prostaglandins as mediators of gallbladder stasis during 
lithogenesis®*-°?. Prokinetic agents may be expected to hasten 
removal of gallstone debris following ESWL and facilitate 
removal of non-cholesterol components of calculi during 
dissolution therapy. This approach could prove especially useful 
in the recovery period after cholecystolithotomy, when 
gallbladder emptying is likely to be impaired. 
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Inhibition of cholesterol nucleation 


Rapid nucleation of cholesterol in the gallbladder appears to 
be central to the lithogenic process*?. Of the potential 
nucleating agents, most attention has focused on mucin and 
smaller glycoproteins, and calcium7?°~73. To date only mucin, 
the macromolecular glycoprotein of mucus gel, is known to 
increase in concentration before cholesterol crystal formation, 
and this evidence derives principally from animal models’* 
Interestingly, however, human biliary sludge consists of thick 
mucus gel with cholesterol crystals’*. Non-steroidal anti- 
inflammatory drugs (NSAIDs) have been used to prevent 
mucin hypersecretion and lithogenesis in experimental models, 
but their efficacy is questionable’®’’. Aspirin reduces gall- 
bladder mucosal mucin in humans’® but has not produced 
consistent effects on gallstone formation. In a retrospective 
study, Hood et al.7° observed no recurrences among patients 
who regularly took NSAIDs (mainly aspirin) after successful 
oral dissolution therapy, but Broomfield et al.°° noted no 
significant protective effect in a small prospective study of 
patients undergoing rapid weight loss. Although there is at 
present no compelling evidence that pharmacological inter- 
vention interferes with cholesterol nucleation in humans, this 
remains a promising area for further research. 


Mucosal destruction and gallbladder obliteration 


Cholecystolithotomy followed by gallbladder obliteration 
would enable complete treatment to be administered on a single 
occasion. The cystic duct can be occluded by minicoils, balloon 
catheters or bipolar electrocoagulation and the mucosa 
destroyed using sclerosants, toxins or diathermy®*-*?. Potential 
problems include damage to the duct system, and reopening 
and re-epithelialization of the gallbladder. Cuschieri et al. 
reported moderate success in animals using a biliary balloon 
catheter to occlude the cystic duct together with sodium 
carbonate as a gallbladder sclerosant®°. Becker et al.8! used 
bipolar electrocoagulation to occlude the -cystic duct and 
ablated the gallbladder mucosa with 95 per cent ethanol and 
3 per cent sodium tetradecyl sulphate. This group has reported 
good results** in nine patients at a mean of 14 months. 


Conclusions 


Patients with gallstones are not a homogeneous group. 
Management decisions should ideally be based on the 
characteristics of the patient, the gallbladder and the gallstones. 
High recurrence rates previously reported following conserva- 
tive gallstone therapy may partly reflect incomplete treatment. 
Development of an index for the risk of stone recurrence in 
individuals would allow more appropriate selection of patients 
for cholecystectomy or conservative treatment. Future 
advances are more likely to depend on effective prophylaxis of 
gallstone recurrence than on further therapeutic innovations. 
For the community at large, this line of research also represents 
the best chance of yielding methods for preventing gallstone 
formation in the first place. 
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The incidence of acute pancreatitis in the UK ranges! from 
47 to 238 cases per 10° population per year. Although most 
patients make an uneventful recovery, some develop serious 
complications and approximately 10 per cent die’:?-°-!!. The 
mortality rate has remained largely unchanged over the past 
two decades despite improvements in general medical and 
intensive care. However, few patients now die from either 
cardiopulmonary or renal complications alone, and pancreatic 
infection with multiple organ failure is the single most frequent 
cause of mortality!®!*-'®, Thus many of the improvements in 
treatment have served only to change the mode of death!°. 

At present, pancreatic infection tends to be diagnosed 
relatively late and surgical drainage and debridement offer the 
only hope of cure for these seriously ill patients. Surgery is 
associated with high morbidity and mortality rates and 
improvements in surgical or preoperative medical treatments 
are unlikely to reduce this risk significantly in the foreseeable 
future. However, increased awareness of pancreatic infection, 
with earlier diagnosis and treatment in centres with the 
necessary technology and expertise, may lead to an 
improvement. This paper reviews the epidemiology, patho- 
genesis and clinical features of pancreatic infection, and 
discusses the indications for surgical intervention and the 
options available. 


Definitions and methods 


Pancreatic infection is defined as the presence of bacteria or 
fungi multiplying in the pancreas and/or peripancreatic tissues 
and causing pathological change. Infected pancreatic necrosis 
is defined as a diffuse infection of necrotic pancreatic and/or 
peripancreatic tissues. Pancreatic abscess is defined as a 
localized collection of pus arising within or in the region of the 
gland and bounded by a wall of collagen and granulation tissue. 

For the purposes of this review relevant articles were 
identified from Medline computer searches and lists of 
references from Index Medicus. Only infected necrosis or 
pancreatic abscess complicating acute pancreatitis was 
reviewed. Infected pancreatic pseudocysts (a discrete pancreatic 
or peripancreatic collection of fluid originating from the 
pancreas and bounded by a wall of collagen and granulation 
tissue) were excluded because they may have a different 
pathogenesis, carry a better prognosis, cause fewer compli- 
cations and may be treated differently!’~!°. 


Epidemiology 


It is difficult to be precise about the prevalence of pancreatic 
infection because many reports are from tertiary referral centres 
with a specialist interest in the disease!!+13-2°-25, It is estimated 
that acute necrotizing pancreatitis develops in 10—20 per cent 
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Pancreatic infection is the leading cause of death from acute pancreatitis. 
Patients with severe necrotizing pancreatitis are most at risk. Early 
computed tomography and percutaneous fine-needle aspiration micro- 
biology of areas of pancreatic necrosis enable early diagnosis. Pancreatic 
infection should be treated surgically, although sterile necrosis may be 
managed conservatively. The role of antimicrobial drugs is uncertain. 


of patients with acute pancreatitis!?-2°21.2627, of whom about 


30 per cent develop pancreatic infection?°?-35. Therefore, 
3-6 per cent of all patients with acute pancreatitis develop 
infected pancreatic necrosis. In addition, pancreatic abscesses 
develop in 3—4 per cent of patients with acute pancrea- 
titis!->1.32,36-68 Overall, pancreatic infection thus develops in 
6-10 per cent of patients during, or shortly after, an attack of 
acute pancreatitis!?-162!, 

The median age of patients with a pancreatic abscess is 46 
(range 10-89) years. The male:female ratio>!:363941-54,56 60, 
2-65.69 ig 2-7:1. The mean age and sex ratio appear to be 
similar for patients with infected pancreatic necrosis??:?%-37, 
The young age and predominance of male patients may be 
because most of the series reviewed were from the USA. 

A review of infected pancreatic necrosis and pancreatic 
abscess from the USA has been undertaken to ascertain the 
aetiology of the associated acute pancreatitis (Table 1 )°1-37-36 
39,4247,50,51,53-61,63-66,70 This allows for comparison to be 
made with the prevalence of each factor among all patients 
who develop acute pancreatitis in the USA’!. This analysis 
suggests that patients with alcoholic pancreatitis have a 
relatively low risk of developing a pancreatic abscess, whereas 
those who develop postoperative or post-traumatic pancreatitis 
have a greater risk. 


Pathology 


In infected pancreatic necrosis the macroscopic appearance is 
one of soft friable grey-black necrotic tissue distributed 
throughout the gland. The entire pancreas may be involved. 
Frequently there are pancreatic haemorrhages and opaque 
yellow or grey fat necrosis in the mesentery, omentum and 
retroperitoneum7??~7°, Histologically such necrosis involves 
acinar cells, blood vessels, fibrous tissue, fat and the islets of 
Langerhans. 

A pancreatic abscess consists of a collection of frank pus, 
or necrotic material, enclosed by an inflammatory capsule or 
pseudocapsule. There may be adjacent areas of necrotic tissue, 
haemorrhages and fat necrosis. Pancreatic abscesses may be 
single (38 per cent) or multiple (62 per cent), unilocular or 
multilocular?7-4%-49:57-6}, Approximately 25 per cent of 
abscesses involve the entire gland, 30 per cent are right sided 
and related to the head of the gland, 23 per cent arise from the 
body, and 22 per cent are left sided and related to the pancreatic 
tai]*3.48.49,60,63.64 Abscesses may extend in any direction to 
involve adjacent structures including blood vessels, the 
transverse colon and the common bile duct. + 


Microbiology 


Pancreatic abscesses are more frequently polymicrobial 
(57 per cent) than monomicrobial (43 per cent)’’. The 
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Table 1 Aetiology of acute pancreatitis complicated by pancreatic abscess 














Reference Year oe 
Altemeier and Alexander*® 1963 32 
Farringer et al.®° 1966 7 
Steedman et al.®* 1967 13 
Bolooki et al.6? 1968 74 
Miller et al.°° 1974 63 
Camer et al.®! 1975 84 
Grace and State”? 1976 9 
Holden et al.°° 1976 28 
Owens et al.5° 1977 8 
Paloyan et al.5® 1978 

Frey et al.?? 1979 84 
Donahue et al.>7 1980 12 
Berne and Donovan’ 1981 7 
Chang and Van Houden** 1981 7 
Davidson and Bradley** 1981 17 
Saxon et al.5? 1981 21 
Aranha et al.*! 1982 20 
Bradley and Fulenwider*® 1984 21 
Crass et al.*® 1985 21 
Sostre et al.*” 1985 8 
Warshaw and Jin*5 1985 45 
McClave et al.*4 1986 21 
Malangoni et al.*> 1986 2 
Wertheimer and Norris’! 1986 10 
Hurley and Vargish** 1987 18 
Fink et af.®® 1988 100 


Percentage of total 


Percentage of all patients with acute pancreatitis in the USA”! 





Actiology of pancreatitis 


Postoperative and 





Table 2 Comparative bacteriology of pancreatic abscesses with other infections 





Escherichia 

coli Klebsiella Enterobacter 
Pancreatic abscess 35 19 9 
Subphrenic abscess 96 21 — 
Bacteraemia 22 8 2 
Lithogenic bile 38 14 


Values are percentages 


organism most frequently cultured is Escherichia coli, which is 
found in 35 per cent of abscesses. Enterococci, Klebsiella and 
non-enteric streptococci are each found in about 20 per cent. 
Enterobacter, staphylococci, anaerobes and fungi are found in 
fewer than 10 per cent. The organisms isolated from infected 
pancreatic necrosis appear to be similar??:23:27.29-37-78 


Pathogenesis 

The species of pathogens isolated from the infected pancreas 
suggest an enteric origin?®3°-65-79-8!_ Only the colon harbours 
the many different species of bacteria isolated from infected 
pancreata in significant numbers. However, the anaerobic 
bacteria that predominate in the colon are rarely isolated from 
patients with pancreatic infection, and the relative proportion 
of the different species of bacteria causing such infection more 
closely resembles that found in bile (Table 2)8?-*°. 
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Alcoholic Gallstones post-traumatic Other 
7 18 t 6 
0 4 0 3 
7 4 9 2 

40 7 21 6 
8 4 33 18 
6 21 48 9 
8 0 0 i 

20 5 Excluded 3 
6 ! I 0 
4 0 3 9 

12 10 40 22 

12 0 Q 9 
if 0 0 0 
3 I 3 0 

14 2 0 | 
6 4 5 6 

10 0 9 l 

15 I 0 5 

14 4 l 2 
3 5 0 0 

17 5 10 13 

10 4 4 3 

13 5 8 i 
5 2 2 ! 
2 6 5 > 

57 32 2 9 

40 19 27 16 

7G 16 7 7 

Other 
Enterococci streptococci Staphylococci Anaerobes 
23 18 7 9 
67 - 8 83 
5 20 17 17 
15 3 4 12 





Animal studies have shown that bacteria may reach both 
the normal and inflamed gland from many sources including the 
colon, gallbladder and urinary tract. Bacteria may reach the 
pancreas via a number of different routes, such as the 
transcoelomic route, via the main pancreatic duct, or via the 
circulation’?°°~®*. In healthy animals contaminating bacteria 
are cleared from the pancreas without complications 
developing. It is only animals with inflamed glands that develop 
infection, and the infection rate is proportional to the extent 
of the pancreatic necrosis?®°'. This suggests that, as with 
infection in other organs, the necrotic tissue is a haven where 
organisms multiply. 

In addition, there is evidence for reduced host resistance to 
infection in acute pancreatitis. This possibility was first raised 
by Adham et al., who showed that stimulating the reticulo- 
endothelial system reduced the mortality rate of mice fed a 
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choline-deficient ethionine-supplemented diet?*. Recent studies 
in cats have shown that acute pancreatitis reduces the rate of 
clearance of E. coli from the circulation, suggesting impaired 
reticuloendothelial system function?>. Little work has been 
carried out in humans. However, Curley er al. in 1991 reported 
that in patients with severe acute pancreatitis the proportion 
of CD4-positive (T helper) cells and of cells expressing major 
histocompatibility complex class I antigens were lower than in 
those with mild disease’*. Although further work is needed, 
these reports suggest that patients with acute pancreatitis are 
immunocompromised in a way similar to those with extensive 
burns, obstructive jaundice. haemorrhagic shock or major 
trauma? 10! 


Diagnosis 

Clinical features 

Most patients with pancreatic infection complain of a constant 
severe upper abdominal pain that frequently radiates to 
the back or flank and is associated with nausea and 
vomiting? 5637916264 A few present with a complication 
such as gastrointestinal haemorrhage, intestinal perforation, or 
fistufg?0-36-37-39-45.49.51.57,60,61.64.80.102 Some 80 per cent 
of patients are febrile with pyrexia > 38°C, 
spiking to 41°C. The abdomen is tender in 66 per cent and a 
mass palpable in 39 per cent. However, these symptoms 
and signs are non-specific and, clinically, pancreatic abscess, 
sterile or infected pancreatic necrosis, and sterile or 
infected pancreatic pseudocysts cannot be distinguished with 
confidence! 2: 1O31-36.39.45.43.45,47.48.51 ASAT 66.70. 


36.57,60.-62,604.65 





Investigations 

Serum amylase concentration may be normal or raised. 
Persistent hyperamylasaemia may result from infection. 
pancreatic carcinoma or pancreatic pseudocyst?®. Although 
75 per cent of patients with pancreatic infection have a raised 
white cell count, many with uncomplicated acute pancreatitis 
also develop leucocytosis'®?!°*, Furthermore. in some patients 
with pancreatic infection the white cell count is normal or 
decreased**°°, Blood cultures are unhelpful in making a 
diagnosis of pancreatic infection. They are rarely positive 
because bacteraemia from an abscess tends to be intermittent 
and transient)? titoa . Furthermore, bacteraemia 
may arise from other sites. such as an infected urinary or 
respiratory tract (Table 3)'°*, both of which are not infrequent 
in sick patients with acute pancreatitis °'°*. Nevertheless, 
among patients with severe necrotizing pancreatitis. positive 
blood cultures are associated with an increased mortality 
rate!??, 

Although prognostic scoring systems do not correlate well 
with necrosis or septic complications, patients with pancreatic 
infection have higher Ranson and APACHE scores than those 
with sterile acute pancreatitis??:7>-77-59-38) However, approxi- 
mately 10 per cent of pancreatic infections occur in patients 
with a Ranson score**® <2 and an APACHE II score** <10. 
Other measures that indicate pancreatic necrosis, an important 
factor in the development of infection'®?!°*. include serum 


Table 3 Sources of bacteraemia 





Positive blood 


Source culture (%o} 
Respiratory tract 17 
Genitourinary tract 17 
Abscess 8 
Surgical wound 4 
Biliary tract 3 
Gastrointestinal tract 3 
Skin 3 
Intravenous catheter 3 
Urethral catheter 2 
Uncertain 36 
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Figure} Compited tomography of the pancreas in a patient with severe 
acute pancreatitis, a Without contrast; b contrast enhancement 
demonstrating SO per cent necrosis: © contrast enhancement demonstrating 
SO per cent necrosis 


levels of C-reactive protein, x, protease inhibitor, g 
macroglobulin, C3 and C4 complement and poly-[C ]-specific 
ribonuclease**-!°"~'!°. However, there is little evidence that 
any of these predicts pancreatic sepsis'!'!~''*. The non-specific 
nature of the clinical features and absence of reliable laboratory 
indicators of sepsis mean that a high index of suspicion is 
insufficient to make the diagnosis: further investigations are 
required**. 

All patients with moderate or severe (poor prognosis’) acute 
pancreatitis should undergo contrast-enhanced computed 
tomography (CT) ®%7425.27.38.46.104.115-121._ If this is not 
available patients should be referred to centres with the 
necessary services and expertise in this field. Early CT (within 








Br. J. Surg., Vol. 80, No. 2, February 1993 


Infection complicating acute pancreatitis: A. L. Widdison and N. D. Karanjia 


3 days) is recommended because it identifies patients at 
increased risk of developing pancreatic infection? $? 738122123, 
Pancreatic necrosis may be revealed by areas of hypoperfusion 
(parenchymal enhancement after intravenous contrast <40 
Hounsfield units'?°), or alternatively a fluid collection or 
abscess may be demonstrated (Figure 1). The extent of necrosis 
is estimated from the ratio of the area of decreased enhancement 
to the area of normal perfusion (parenchymal enhancement 
> 50 Hounsfield units!?° )?”, This correlates well with the extent 
of necrosis at operation'?'. 

Pancreatic necrosis is identified by contrast-enhanced CT 
in 17-20 per cent of patients with acute pancreatitis?':'*?. 
Necrosis or an abscess is demonstrated in >80 per cent and 
has a false-negative rate of only 3 per cent? !74:31:36:37.39.43.45. 
46,49,50,52-54,56-60.62-66 The area of pancreatic necrosis in 
patients with pancreatic infection is greater than that in those 
without infection?™>?. Patients with > 50 per cent pancreatic 
necrosis have a 25-50 per cent chance of infection?* °°. 

Although CT is extremely useful, in most patients pancreatic 
necrosis is sterile; a pancreatic or peripancreatic fluid collection 
may represent a pseudocyst, old haemorrhage or a sterile 
collection rather than an abscess'?*. Therefore, the diagnosis 
of pancreatic infection can be made with confidence only if 
bacteria are demonstrated. 

Microscopy and culture of fine-needle aspirates reliably 
distinguish between sterile and infected tissue'®*'!?'?*. 
Aspirations are performed from areas of hypoperfusion or fluid 
collections shown by contrast-enhanced CT. It is important to 
ensure the fine needle (20-22 G) is inserted using an aseptic 
technique along a route that avoids the bowel. The aspirated 
sample is immediately Gram stained and aerobic and anaerobic 
cultures obtained. In experienced hands it is a safe investigation; 
false-positive and false-negative results are infrequent?*>*°47-°° 
80,104,119.124.125° The early diagnosis of pancreatic infection 
might be achieved if pancreatic necrosis or fluid collections seen 
by CT were sampled and the aspirate cultured and examined 
microscopically. Most of the CT changes associated with 
patients at risk of developing pancreatic infection are manifest 
early (within 3 days)>*!?*. However, fluid accumulation 
and/or necrosis, or infection of sterile necrosis, may develop 
later. Serial CT and fine-needle aspiration microbiology of areas 
of necrosis and fluid collections will identify these patients and 
monitor progress?*-6° 125-126, 


Treatment 


Treatment depends on making an accurate diagnosis. Fluid 
collections and acute pseudocysts whether infected or not may 
be treated by percutaneous drainage! 1% 118-126-130, However, 
when complications develop, such as rupture, haemorrhage, 
biliary or gastric outlet obstruction, surgery may be required 
as an emergency. In these patients the wall of the pseudocyst 
is frequently too immature for internal drainage via a 
cystogastrostomy or cystojejunostomy, and external drainage 
is appropriate. 

The treatment of most pancreatic abscesses is surgical. 
Necrotic tissue and multiple or multilocular abscesses prevent 
adequate drainage through even large-bore catheters?! 4766-126, 
However, percutaneous drainage may be successfully employed 
in a few carefully selected patients with unilocular collections 
in the absence of pancreatic necrosis or severe disease’ ?® 1 >°, 
The role of percutaneous drainage as a temporary measure in 
the critically ill patient is controversial. In some patients it 
provides temporary relief before surgery??-*1-'1®1?°, whereas 
in others it makes no difference and may delay appropriate 
surgical treatment??:12°12°, 

As with pancreatic abscesses there is general agreement that 
infected pancreatic necrosis is an absolute indication for 
surgery!7:7729-51-81-131; non-operative or percutaneous manage- 
ment is usually associated with a fatal outcome! 550-126-13%132, 
However, when the diagnosis is uncertain or necrosis sterile, 
treatment is controversial. 

The postoperative mortality rate for patients operated 
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on for sterile necrotizing pancreatitis is approximately 
17 per cent??-23.28-3°-31.33.34 Postoperative sepsis is the 
principal cause of death among these patients; approximately 
20 per cent develop sepsis, with a mortality rate of about 
60 per cent, while the remaining 80 per cent have a mortality 
rate of 7 per cent. An alternative is to manage patients with 
sterile pancreatic necrosis conservatively? 77578172129 13°. 
Buchler et al. reported a 13 per cent mortality rate in patients 
with necrotizing pancreatitis who responded and 8 per cent 
among those in whom conservative treatment failed’**. 
Similarly, in the series reported by Bradley and Allen, all 
patients with sterile pancreatic necrosis were managed 
conservatively, with no deaths?’. However, these excellent 
results were achieved in centres with a particular interest in the 
disease and were dependent on infection being excluded with 
confidence. CT and fine-needle aspiration microbiology can 
generally achieve this. 


Surgical methods 

The fundamental principle underlying surgical treatment of 
pancreatic infection is thorough debridement of devitalized 
tissue with drainage of fluid collections. Conventionally, the 
abdomen is closed primarily with dependent drainage or sump 
suction?0:7!:25.43.49.46.48.51.55 In many patients this is 
sufficient to abort the infected inflammatory process. However, 
in about 30 per cent persisting inflammation with residual or 
recurrent infection necessitates further surgical intervention 
which is associated with very high rates of morbidity and 
mortality”. For this reason a number of groups advocate 
necrosectomy and continuous closed postoperative lavage of 
the lesser sac and infected areas through drainage catheters 
positioned at the first operation'*® '*°. In patients with infected 
necrosis the mortality rate is reduced to about 15 per cent. 
However, the reoperation rate is still high at about 20 percent, 

Alternatively, the abdomen can be ‘left open’ for planned 
relaparotomies??*°5+-6_ Patients with extensive areas of 
infected necrotic tissue, large multiloculated or multiple 
abscesses, or persisting haemorrhage are particularly suited to 
open drainage and packing*®. The operative technique is the 
same except that, after abscess drainage and debridement of 
devitalized tissue, the lesser sac is packed. The laparotomy 
wound is then loosely closed. Planned reoperation under 
genera! anaesthesia is performed every 36-48 h. The packs are 
carefully removed and further debridement performed if 
necessary. This is repeated until healthy granulation tissue 
appears and dressings can be changed in the intensive care unit. 
The mortality rate after open drainage is similar to that reported 
for local lavage, but the morbidity rate may be greater. 
However, it must be stressed that no prospective trial has been 
published. 

The overall postoperative mortality rate after drainage of 
pancreatic abscesses is about 30 per cent, but this has been 
declining in recent years’’. Surgical debridement of infected 
pancreatic necrosis is associated with a 40 per cent mortality 
rate??-2°30-81_ However, these results were among severely il 
patients with sepsis, in whom the diagnosis had usually been 
made on clinical grounds. In centres with a special expertise 
in treating patients with acute pancreatitis, increasing use of 
CT and fine-needle aspiration microbiology appears to be 
improving diagnostic accuracy and allowing earlier diagnosis 
and treatment. With such a policy, the mortality rate among 
patients with infected pancreatic necrosis has fallen to 
< 20 per cent???527 


Antimicrobial treatment 

Currently there is no clinical evidence that antimicrobial agents 
are effective in either preventing or treating pancreatic infection. 
Many series have been reported in which pancreatic infection 
developed despite continuous administration of antimicrobials 
from the time of admission to hospital'*34)>'**. In addition. 
prior antimicrobial therapy does not render samples taken by 
percutaneous fine-needle aspiration sterile''?, To date, only 
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three prospective clinical trials have been performed to evaluate 
the role of prophylactic antimicrobial treatment! 147. 
However, these trials were inconclusive: too few patients were 
enrolled, inappropriate antimicrobials were used, and all 
patients, even those with very mild acute pancreatitis, were 
included. Most patients with acute pancreatitis have mild acute 
oedematous disease in which the risk of developing pancreatic 
infection ts low. Thus, including all patients in such studies must 
inevitably dilute the effects of prophylactic antimicrobials in 
the severe necrotizing form. 

Ampicillin, the antimicrobial used in these studies, was an 
unsuitable choice because it is ineffective against most 
pancreatic pathogens and does not reach therapeutic levels in 
the gland'*-'**. The aminoglycosides, some cephalosporins and 
tetracyclines also have limited penetration'*'**, suggesting 
that there may be a blood~pancreas barrier!*°, 

Antimicrobials that do reach therapeutic levels in the 
pancreas include cefotaxime, ceftazidime, clindamycin, cipro- 
floxacin, rifampicin, trimethoprim-sulphamethoxazole and 
metronidazole'*'48_ Since most pancreatic infections are 
caused by Gram-negative enteric aerobes’’, the antimicrobials 
most likely to be effective in the prevention or treatment of 
pancreatic infection are ciprofloxacin, cefotaxime or ceftazidime. 
Indeed, in an animal model of pancreatic infection in acute 
pancreatitis, early treatment with cefotaxime was effective?®. 

Antimicrobial drugs have well recognized side-effects and 
alter intestinal microbial flora, predisposing to the translocation 
of bacteria. Their use should be limited until their efficacy is 
proven. At present, antimicrobials should be prescribed only 
for the treatment of proven infection, as prophylaxis to prevent 
bacteraemia, and for patients undergoing surgery. There is 
currently no evidence that they are of benefit in patients with 
uncomplicated acute pancreatitis. 


Conclusions 


Fewer patients now die from either cardiopulmonary or renal 
complications of acute pancreatitis, largely as a result of 
improved medical measures. There is now scope for 
improvement in the outcome of septic complications with early 
surgical intervention and judicious use of appropriate 
antimicrobials. Patients with septic complications should be 
managed in centres with the necessary technology and expertise. 

An invasive and aggressive approach to the management of 
all patients with severe acute pancreatitis is suggested. Once 
patients are identified as having moderate or severe (poor 
prognosis) pancreatitis, contrast-enhanced CT should be 
performed. Fine-needle aspiration microbiology of areas of 
necrosis or fluid collections will ensure early detection of 
infection, allowing treatment to be instituted before established 
sepsis leads to further deterioration. In contrast, patients with 
sterile pancreatic necrosis may be carefully observed. Serial CT 
and aspiration microbiology are required if the clinical 
condition does not improve. 

Surgical intervention is indicated in most patients with 
documented pancreatic infection or with clinical deterioration 
with suspected infection, and for those who fail to improve or 
who deteriorate despite intensive medical measures. The aims 
of surgery are to drain fluid collections and debride all necrotic 
tissue. In most patients, primary closure with continuous 
postoperative lavage of the lesser sac is successful. In patients 
with extensive necrosis ‘open drainage’ with planned 
reoperations may be preferable. 
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Interleukin 2 therapy: current role 
in surgical oncological practice 


The use of recombinant interleukin 2 (rIL-2) in clinical practice has 
opened up new and beneficial avenues in the treatment of certain 
malignant diseases. Although rIL-2 can stimulate a range of host 
antitumour defence mechanisms, only 30—40 per cent of patients who 
are treated will respond to such therapy as assessed by a reduction in 
tumour volume. The effect of rIL-2-based treatment schedules on 
delaying progression of disease and on overall survival in comparison 
with standard current treatments and chemotherapeutic regimens is not 
clear. Randomized clinical trials are required to evaluate precisely the 
role of rIL-2 in various therapeutic combinations and to ascertain the 
optimum therapeutic regimens for individual tumour types. Studies 
currently under way should provide more insight into the possible 
beneficial effects of immunotherapy with rIL-2. More basic research is 
required to ascertain how rIL-2 may produce its antitumour effects and 
why the therapeutic results obtained in humans have been so selective 
and less beneficial than those in experimental animals. 


During the past two decades survival rates for leukaemia, 
lymphoma, testicular tumour and certain tumours of childhood 
have improved significantly as a result of advances in 
chemotherapy and radiotherapy. However, survival rates of 
patients with solid tumours (the largest group presenting to 
the surgeon) have not shown comparable improvement’. 
Minima] benefits in survival have been documented for breast, 
cervical, and head and neck cancers; no significant changes 
have been seen for patients with many other tumours, such as 
cancer of the stomach, pancreas or colorectum!-?. 

Therefore, despite continuing advances in surgical manage- 
ment, and in spite of the performance of more radical 
operations, substantial numbers of patients are still dying from 
disseminated disease, including many who have undergone 
apparently ‘curative’ surgery. Analysis of survival data from 
such patients and a better understanding of tumour biology 
suggest that, even when the lesion appears localized, occult 
metastatic disease is frequently present?. Modern surgery 
emphasizes both the need for effective control of local disease 
(with less radical and traumatic procedures, if possible) and 
the use of adjuvant therapy, wherever possible, to deal with 
metastatic disease and thus improve survival. Surgeons have 
also been in the forefront with the application of novel 
therapeutic approaches to disseminated disease (occult or 
metastatic), especially in the manipulation of anticancer host 
defences. 

New strategies in the immunotherapy of cancer have centred 
on the use of biological response modifiers, especially the 
cytokines. These are soluble proteins secreted by lymphocytes 
and macrophages (as well as other cells) that act as intercellular 
regulatory molecules in an autocrine or paracrine manner. They 
are able to stimulate antitumour cytotoxic mechanisms or are 
themselves cytotoxic or cytostatic*. In particular, recent interest 
has centred on the cytokine interleukin (IL) 2, which is secreted 
by T helper lymphocytes and has been shown in various rodent 
tumour models to be effective in destroying established 
metastatic disease. The development of recombinant DNA 
technology has enabled the production of large quantities of 
recombinant interleukin 2 (rIL-2) for use in the treatment of 
malignant disease. 
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Since the mid-1980s, rIL-2 alone or in combination with 
other cytokines (e.g. interferons), activated lymphocytes (e.g. 
tumour-infiltrating lymphocytes) or lymphokine-activated 
killer (LAK) cells and various chemothefapeutic drugs, has 
been used with increasing frequency in the treatment of an 
expanding range of advanced malignancies. Conflicting data 
have been published in this rapidly growing area of therapy, 
especially from non-randomized studies that often comprise 
small patient groups. The time is opportune to review the 
published clinical data with a view to providing an up-to-date 
account of such therapy, particularly in relation to the treatment 
of advanced melanoma, renal cell carcinoma and colorectal 
cancer. 


Interleukin 2 and host antitumour defences 


Interleukin 2 

IL-2 is a 15-5-kDa glycoprotein secreted by- T helper 
lymphocytes following activation by antigens or mitogens that 
was originally described as a T cell growth factor*®. 
Recombinant IL-2, produced by Escherichia coli, has identical 
effects to the native molecule although it is non-glycosylated. 
IL-2 has pleiotropic effects on the immune system but, in 
particular, it enhances natural cytotoxicity mediated by natural 
killer (NK ) and LAK cells and increases substantially the lytic 
activity of the latter”’®. Animal studies have demonstrated that 
NK cells play a crucial role in the prevention of dissemination 
and establishment of tumour metastases®. LAK cells, with their 
cytotoxic effects against a wide range of cell types, are believed 
to be important in the destruction of malignant cells, 
particularly with cytokine-induced immunotherapy!°. IL-2 
induces the generation and activation of cytotoxic T cell subsets, 
whether restricted by the major histocompatibility complex or 
not! 13, as well as stimulating the proliferation and activity of 
B lymphocytes‘. IL-2 also activates macrophages, enhancing 
their cytotoxicity and, through its effect on various lympho- 
reticular cells, it is a key regulator of the secretion of various 
lymphokines — interferon (IFN), IL-2, IL-4, and tumour 
necrosis factor (TNF) « and y71*. It is thus a key molecule, 
involved in modulating the normal immune response and in 
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Table i Possible mechanisms of antitumour effects of interleukin 2 


. 1. Stimulation of activity and proliferation of T and B lymphocytes 
and macrophages 


2. Stimulation of activity and proliferation of natural killer and 
lymphokine-activated killer cells 


3. Release of cytokines, e.g. interleukin 6, tumour necrosis factor « 
and interferon y, that may also have an antitumour effect 


4," Enhanced activation of endothelial cells and expression of 
adhesion molecules, which enables the migration of cells with 
antitumour activity into tissues 


stimulating various host antitumour defence mechanisms, when 
given in pharmacological doses to patients with malignant 
disease. 

IL-2 induces activation, differentiation and proliferation of 
lymphocytes and macrophages by interacting with specific 
receptors at the cell membrane. The receptor is composed of 
two polypeptide chains, a and $, each with three structural 
elements: an extracellular portion that binds IL-2, a 
transmembrane part and an intracellular component important 
in signal transduction ($ chain)'*. The « chain, also known as 
the p55 component, is recognized by the anti-Tac cluster 
differentiation 25 monoclonal antibody and has a molecular 
weight of 55 kDa. The f chain, the p70/75 component, has a 
molecular weight of 70-75kDa and has a prominent 
intracellular portion. Monoclonal antibodies have recently 
become available that interact with the $ chain and allow its 
demonstration using immunohistochemical techniques'®. 


Effect on natural cytotoxicity and cytokines 

Host antitumour defence mechanisms, in particular natural 
cytotoxicity mediated by NK and LAK cells, are thought to 
have an important role against malignant cells. NK cells have 
been shown in animal models to be important in removing 
circulating tumour cells and inhibiting the establishment of 
tumour metastases®. LAK cells, with their expanded repertoire 
of target-cell lysis and enhanced cytotoxic capabilities, have 
also been documented as playing a crucial role in causing 
regression of tumour deposits in animals'’~?°. However, the 
effect of rIL-2 on natural cytotoxicity in humans in vivo remains 
unclear. Some studies have shown that augmentation of NK 
cell activity is of prognostic significance in patients undergoing 
rIL-2 therapy??*?, thus suggesting a possible antitumour role 
for NK cells in humans. In contrast, the LAK cell responses 
have been variable, with some studies documenting that 
increases in LAK cell cytotoxicity correlate with responses to 
therapy??, while others have found that LAK cell cytotoxicity 
bears no relationship to the antitumour effect of rIL-2 
administration?*-?4+. These studies have often evaluated 
heterogeneous groups of patients, with different tumour types 
and treatment schedules. Studies by the present authors have 
evaluated the effect of a 5-day continuous infusion of rIL-2 on 
NK and LAK cell cytotoxicity in a group of 12 patients with 
advanced colorectal cancer?*. These results showed that the 
activity of NK cells is maximally stimulated while the LAK 
cells undergo suboptimal stimulation in vivo; further coculture 
of these LAK cells with rIL-2 in vitro results in a substantial 
augmentation of their cytotoxic activity. The reasons for this 
inability to achieve maximal cytotoxicity in vivo are not clear, 
but preliminary data have indicated that serum levels of 
prostaglandins E, and Fa which are implicated in the 
regulation of immunological function?®?’, are markedly 
increased in patients receiving rIL-2. 

The changes in natural cytotoxicity described above were 
evaluated using peripheral blood lymphocytes. Other studies 
have evaluated the cellular infiltrates in tumour biopsies taken 
from patients undergoing rIL-2 therapy and have demonstrated 
the infiltration by various subsets of T lymphocytes and 
macrophages?*->°, Interestingly, NK cells were virtually absent 
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in the tumour biopsies after rIL-2 treatment, as they are in 
most tumour biopsies, but the reasons for this are unclear. The 
antitumour effect of rIL-2 therapy has been ascribed by some 
authors to the resultant cascade release of various other 
cytokines (Table 1). 

IL-2 is known to stimulate the release-of various other 
cytokines that may have an important role in host antitumour 
defences. In humans these mechanisms have been poorly 
documented, although the following effects have been 
described: (1) rIL-2 is known to stimulate the production of 
TNF-« from macrophages?!, which induces the release of free 
radicals and endonucleases** (antitumour effects); (2) rIL-2 
stimulates the release of IFN-y, which has antitumour actions 
(modulation of tumour oncogene expression and suppressor 
gene activity®*); and (3) alteration of the tumour vasculature 
by TNF-« (causing necrosis and thrombosis), IFN-y (inhibition 
of tumour angiogenesis)®>* and IL-1, TNF-« and IL4 
(enhancing expression of adhesion molecules and entrapment 
of inflammatory cells)*>. 


Interleukin 2 and animal tumour models 


Numerous animal experiments have demonstrated the efficacy 
of IL-2, given either alone or in combination with LAK cells 
intraperitoneally, in causing regression of pulmonary and 
hepatic metastases in a variety of experimental murine tumours, 
both immunogenic and non-immunogenic'?-?°. These studies, 
carried out by Rosenberg and colleagues, showed that there is 
a direct correlation between the dose of IL-2 infused and the 
number of LAK cells given, and the antitumour responses 
elicited. Also, IL-2 was able to increase LAK cell activity in 
vivo, the best responses being seen when both IL-2 and LAK 
cells were given concurrently. Infused LAK cells survived for 
prolonged periods in vivo and were also shown to target tumour 
cell deposits*®. . 

Further studies have demonstrated that the efficacy of IL-2 
in mediating destruction of animal tumours can be increased 
when it is used in combination with IFN-« or TNF, or 
with tumour-infiltrating lymphocytes*’-3%. Following these 
encouraging results in animal tumour models, and the 
development of recombinant DNA technology with the 
resultant availability of large amounts of rIL-2, clinical studies 
were initiated in patients with malignant disease. In the latter 
part of the 1980s a number of publications appeared 
documenting the initial clinical experiences of the use of rIL-2 
in human malignant disease that was refractory to conventional 
cancer therapy?>-39-4°. 


Interleukin 2 and malignant disease in humans 


Therapeutic regimens in human studies 


The most effective dose and mode of administration of rIL-2 
have not yet been clearly defined. Animal experimental studies 
had suggested that continuous high serum levels of rIL-2 are 
necessary to obtain the maximal antitumour effect*'. However, 
the initial human studies reported by Rosenberg er al.? used 
rIL-2 as an intravenous bolus given intermittently at high doses, 
up to 600000 units per kg body-weight, at intervals of 8 b. 
Unfortunately this was associated with a high incidence of 
toxicity (often major complications), requiring most patients 
to be managed in an intensive care unit. In contrast, West and 
colleagues?’ administered lower doses of rIL-2 by a continuous 
intravenous infusion over a 5-day period. This appeared to 
produce a comparable clinical response rate with fewer 
complications. This also allowed the dose of rIL-2 to be altered 
(or stopped ) as the patient’s condition required and so enabled 
patients to be treated in standard oncology units. 

Attempts have been made subsequently to evaluate the most 
effective dose of rIL-2 needed to stimulate host antitumour 
defence mechanisms in humans. Thompson ef a/.** adminis- 
tered the cytokine to groups of six patients at doses ranging 
from 3-4 x 10° to 3-4 x 10° units per m? body surface area per 
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24h, given as a 2-h infusion, a 24-h infusion or injections at 
8-h intervals. The in vivo activity of rIL-2, as assessed by 
expression of IL-2 receptors on lymphocytes, and LAK and 
NK cell activity, was more pronounced at the higher doses of 
rIL-2; the rebound lymphocytosis and IL-2 receptor expression 
were greater with the continuous infusion. West et al.?? have 
attempted to define the most effective treatment schedule and 
relationship to enhancement of host defences. Their studies 
suggested that there is a threshold dose, 18 x 10° units per m? 
body surface area per day for 5 days, that is required to effect 
an in vivo lymphoproliferative response to rIL-2. There were 
no clinical responses seen when the cytokine was used in low 
doses. At higher doses, however, there were biological effects 
on immune mechanisms, although these did not necessarily 
result in effective antitumour responses. 

Various combinations of cytokines have been used, for 
example rIL-2 combined with either TNF-« or IFN-«. Addition 
of TNF-« or IFN-a produced promising response rates but 
was associated with substantial toxicity!®. Phase I studies with 
TNF-a and IL-1 alone have been disappointing and associated 
with substantial toxicity?®*?. 

More recently, Atzpodien et al.** administered rIL-2 by 
twice-daily subcutaneous bolus injections, self-administered in 
an outpatient setting. The cytokine was administered in an 
escalating dose over 4 weeks, from 0-3 x 10° to 2-4 x 106 units 
per m? body surface area per day and then maintained at 
1:8 x 10° units per m? body surface area per week for up to 
12 weeks. The regimen was effective in stimulating an increase 
in both the number and activity of NK and LAK cells, but was 
associated with a reduced incidence of toxicity compared with 
intravenous schedules. However, further well controlled studies 
are required to define more precisely the most effective 
treatment regimens (dose and method of administration) to 
achieve the maximal enhancement of antitumour defences and 
the most beneficial clinical effect, i.e. maximal reduction of 
tumour volume with minimal morbidity. 


Recombinant interleukin 2 and renal cell cancer 

Metastatic renal cell cancer is one of the most commonly 
documented tumours to show clinical evidence of spontaneous 
regression. Although earlier reports had suggested that this 
might occur in up to 7 per cent of patients*>, more recent 
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analyses have documented that it occurs in fewer than 1 per cent 
of cases**. It is also one of the most frequently studied tumours, 
showing some of the best responses recorded with rIL-2 
treatment. 

Metastatic renal cell cancer has been treated with rIL-2 in 
non-randomized studies, either alone, in combination with 
LAK cells, with chemotherapy or with IFN-c. These 
studies?®?3.39.40.42,.47-64 have involved variable numbers of 
patients; those reporting 20 or more patients are summarized 
in Table 2. Response rates, in terms of reduction of tumour 
volume, have ranged from zero to 37 per cent in studies 
reporting on at least ten patients. The duration of responses 
has ranged from 2 to 25 months. If all the responses from the 
different published studies are analysed together, the overall 
median duration of response is only 12 months. It can also be 
appreciated that rIL-2 alone has comparable response rates 
to rIL-2 combined with LAK cells and rIL-2 combined with 
IFN-a. However, the study using rIL-2 combined with cyclo- 
phosphamide failed to document a response in any of the 
patients treated. 

The effect on survival of the cohorts of patients treated with 
different rIL-2 regimens is also poorly documented. Only three 
of the studies quoted have addressed this point; one reported 
a probability of survival of approximately 35 per cent at 12 
months, and the three studies reported median survivals of 11-5, 
12 and 18 months respectively****°°. Furthermore, only one 
of these studies attempted to compare the survival rate with 
historical controls. Philip et al.*5 reported a median survival 
of 8 months in historical controls. However, when patients were 
subsequently treated with rIL-2 (rIL-2 alone, rIL-2 plus LAK 
cells, ríL-2 combined with LAK cells and IFN-a), the median 
survival increased to 18 months. Recently, however, an analysis 
of patients treated with continuous infusions of rIL-2, compared 
with historical controls not receiving this cytokine, showed 
significant prolongations of overall survival in low-risk groups 
of patients but failed to demonstrate any benefit in high-risk 
groups®>, 


Recombinant interleukin 2 and malignant melanoma 

Spontaneous clinical and/or histological regression in malignant 
melanoma is well documented and not infrequent, although 
clinically beneficial spontaneous regression is rare. The current 





Response rate 











Recombinant interleukin 2 No. of | (complete plus partial)* Duration of response 
Reference regimen patients (%) (months) Patient survival 
Rosenberg et al.!° Intravenous bolus plus LAK cells 72 35 Median 9 Not stated 
Rosenberg et al.'° Intravenous bolus 54 22 Median 25 Not stated 
Blay et al.’ Intravenous infusion plus LAK cells 25 20 Not stated Not stated 
Rosenberg et al.*° Intravenous bolus 21 5 Complete: median 10 Not stated 
Rosenberg et al.*° Intravenous bolus plus LAK cells 36 33 Partial: median 6 Not stated 
von der Maase et alt” Intravenous infusion 51 16 Median 12:3 35% at 12 months 
Robertson et al.*° Intravenous bolus plus LAK cells 94 31 Not stated Not stated 
plus TILs 
Dillman et al.5? . Intravenous infusion plus LAK cells 23 4 2 Not stated 
Koretz et al.53 Intravenous infusion plus LAK cells 25 16 10-5 Not stated 
Philip et al.** Intravenous infusion plus LAK cells 22 18 Not stated i 
o 55 Median 18 months 
Philip et al. Intravenous infusion plus LAK. œlls 26 33 Not stated 
P plus IFN-« 
Atzpodien et al.57 Subcutaneous bolus plus 27 37 Median 9-5 Not stated 
subcutaneous IFN-« 
Negrier et al.6! Intravenous infusion 22 14 Complete: 18 and 15 Not stated 
Partial: 4 
Thomas et al.®* Intravenous infusion plus IFN-« 22 5 1 Not stated 





LAK, lymphokine-activated killer; TILs, tumour-infiltrating lymphocytes; IFN, interferon. *Complete response, no evaluable disease left; partial 
response, 50 per cent reduction in the product of the two maximum perpendicular diameters 
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Table 3 Interleukin 2 and malignant melanoma 








Response rate 
Recombinant interleukin 2 No. of | (complete plus partial)* Duration of response 

Reference regimen patients (%) (months) Patient survival 
Rosenberg et al.'° Intravenous bolus 54 22 2-41 Not stated 
Rosenberg et al.'° Intravenous bolus plus LAK cells 48 21 2-52 Not stated 
Rosenberg et al.*° Intravenous bolus plus LAK cells 26 23 . Not stated Not stated 
Rosenberg et al.*? Intravenous bolus plus LAK cells 48 21 Median 9-5 Not stated 
Rosenberg et al.*3 Intravenous bolus 42 24 Median 8 Not stated 
Dillman et al.*? Intravenous infusion plus LAK cells 33 12 Median 15 33% at 1 year 
Gaynor et al.** Intravenous infusion plus LAK cells 30 3 ` Median 8 Not stated 
Dillman et al.67 Intravenous infusion plus LAK cells 27 26 Median 4 Median 10 months 

plus dacarbazine 
Thatcher et al.69 Intravenous infusion (intrasplenic) 31 3 Not stated Not stated 
Demchak et al.7° Intravenous bolus plus cisplatin 27 37 Median 4 Not stated 
Flaherty”? Intravenous bolus plus dacarbazine 29 24 Median 5 Not stated 
Mitchell et al.7? Intravenous bolus plus 24 25 Median 6-5 Not stated 

cyclophosphamide 








LAK, lymphokine-activated killer. *Complete response, no evaluable disease left; partial response, 50 per cent reduction in the product of the two 


maximum perpendicular diameters 


Table 4 Interleukin 2 and colorectal cancer 








Response rate 





Recombinant interleukin 2 No. of (complete plus partial)* Duration of response 
Reference regimen patients (%) (months) Patient survival 
Rosenberg et al.!° Intravenous bolus 12 0 No effect Not stated 
Rosenberg et al.!° Intravenous bolus plus LAK cells 30 17 Median 6 Not stated 
West et al.?? Intravenous infusion plus LAK cells 13 0 No effect Not stated 
Rosenberg et al.*° Intravenous bolus plus LAK cells 26 12 Not known Not stated 
Mittelman et al.*! Intravenous infusion plus interferon a 10 0 No effect Not stated 
Hamblin et al.?° Intravenous infusion plus 14 29 Not known Not stated 
5-fluorouracil 


LAK, lymphokine-activated killer. *Complete response, no evaluable disease left; partial response, 50 per cent reduction in the product of the two 


maximum perpendicular diameters 


standard therapy for metastatic melanoma is chemotherapy, 
using a single agent (usually dacarbazine) or combination 
chemotherapy with dacarbazine and the nitrosoureas. Results 
from these studies have been reported by Legha®®. Analysis of 
ten trials showed response rates ranging from 15 to 36 per cent 
for dacarbazine-based combination chemotherapy regimens, 
with the mean duration of response ranging from 3-5 to 9 
(median 6:5) months. 

Metastatic melanoma has been treated with rIL-2 alone, in 
combination with LAK cells, with chemotherapy, or with 
IF N-a!0:23,39,40,43,44,51—-54,58,59,62-64,67-72, the studies listed 
in Table 3 are those reporting on more than 20 patients. 
Response rates have ranged from zero to 50 per cent when all 
these studies are considered. Various routes of administration 
and dosage schedules have been used without’ any obvious 
advantage for a particular regimen. However, there does appear 
to be a trend suggesting that better response rates are achieved 
when rIL-2 is used in combination with chemotherapy. Recent 
data have shown that cisplatin in combination with rIL-2 and 
IFN-a can achieve a response rate of up to 60 per cent, with 
approximately 20 per cent of patients achieving complete 
responses’, f 

The duration of response, as assessed by tumour volume, 
has been documented in most of these studies. If all 
reported patients are considered together, this ranges from 1 
to 52 months, with a median duration of response of only 6 
months. Unfortunately, most of these studies do not report 
survival figures for patients. Only two studies have documented 
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this information, with the first®? reporting a 36 per cent 
probability of survival at 1 year and the second*? a 33 per cent 
probability. 


Recombinant interleukin 2 and colorectal cancer 


Patients with metastatic colorectal cancer have been treated 
with rIL-2 alone, in combination with chemotherapy 
(5-fluorouracil; 5-FU) or LAK cells and, more recently, with 
TFN ~10:23:39,40,42,44,51,52,59,60,74—77 These studies, with small 
numbers of patients in each series, have used different doses, 
modes of administration of rIL-2 (continuous intravenous 
infusion, bolus injection or the subcutaneous route) and 
different treatment schedules. Table 4 summarizes studies 
reporting on at least ten patients. Response rates ranging from 
zero to 33 per cent have been reported. However, the duration 
of the response was not stated in these studies, except for one 
in which there was a median duration of response of 6 months. 
Furthermore, the overall survival for the cohorts of patients 
treated with rIL-2 was not documented in any of these studies. 
To date there have been no published data from randomized 
trials comparing rIL-2 therapy with current chemotherapeutic 
regimens, although such a study is in progress. It is, therefore, 
difficult to draw generalizations or conclusions regarding the 
role of rIL-2 in colorectal cancer. However, it appears that: (1) 
if rIL-2 is used alone there is little likelihood of a clinical 
response; (2) the dose and mode of administration of rIL-2 
do not affect the response to therapy; (3) the best responses 
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Table 5 Morbidity of recombinant interleukin 2 therapy 





System Effect 





General Pyrexia, myalgia, anorexia, fatigue, "flu-like 


illness, weight gain 


Cardiovascular Hypotension, angina, myocardial infarction, 
arrhythmia, peripheral oedema 
Respiratory Bronchospasm, pleural effusions, respiratory 
distress syndrome, pulmonary oedema 
Renal Oliguria, increased serum urea and creatinine 
levels, acute renal failure, decreased glomerular 
filtration rate, abnormalities in tubular 
handling of sodium and water, enzymuria 
Dermatological Pruritus, skin rashes, photosensitivity, 
desquamation 
Haematological Anaemia, thrombocytopenia 
Central nervous Confusion, disorientation, coma, convulsions 
system 
Peripheral nervous Carpal tunnel syndrome 
system 
Gastrointestinal Nausea, vomiting, diarrhoea, liver dysfunction 
Endocrine Thyroid dysfunction 


have occurred when rIL-2 was used with LAK cells, but this 
was associated with increased treatment-related toxicity; and 
(4) promising results have been reported for rIL-2 used in 
conjunction with 5-FU. 

The combination of 5-FU and leucovorin (folinic acid) has 
been demonstrated to be more effective than 5-FU alone in 
prolonging overall survival and time to progression of disease 
in patients with advanced colorectal malignancy. Furthermore, 
response rates of up to 42 per cent, and 12- and 24-month 
survival rates of 40 and 20 per cent, respectively, have been 
reported in some series’®-’*. In view of this, a European phase 
M trial with UK participants is currently being conducted 
comparing rlL-2-5-FU-leucovorin with 5-FU-leucovorin 
alone to help further clarify the role of rfL-2. In this trial the 
chemotherapy schedule (weekly pulses of 5-FU—leucovorin) is 
different from that of studies reporting some of the best results 
with chemotherapy. The response rate to rfL-2—5-FU- 
leucovorin to date in the authors’ small series of trial- 
participating patients is encouraging, but detailed analysis of 
the results from all participating centres needs to be carried 
out before any definitive conclusions can be drawn about the 
use of rIL-2 and chemotherapy for locally advanced or 
metastatic colorectal cancer. 


Morbidity associated with recombinant interleukin 2 treatment 


Initial studies in humans reported considerable morbidity and 
also mortality associated with high doses of rIL-2 administered 
by bolus infusions??*°. Some of the side-effects are shown in 
Table 5. These side-effects, however, are less common and less 
severe with the administration of moderate doses of rIL-2 given 
by continuous infusion, e.g. 18 x 10° units per m? body surface 
area per 24h, and resolve within 24—48 h after stopping 
treatment?*, The subcutaneous route of administration is 
associated with even fewer and milder side-effects: inflammation 
at the skin injection site, fever, “flu-like illness, nausea and 
vomiting®®. This route allows patients to be treated in an 
outpatient setting or even to administer the treatment to 
themselves at home. A treatment-related mortality rate of 
1-5 per cent has been documented in the largest reported series 
of 652 patients receiving rIL-2 by bolus doses'®, which is not 
dissimilar to the mortality rate associated with some of the 
currently used combination chemotherapy schedules. 


General effects. Most patients experience a ‘flu-like illness 


characterized by a prominent pyrexia, anorexia, malaise, 
myalgia and arthralgia. 
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Cardiopulmonary effects. A major cause for this toxicity 
appears to be the ‘vascular leak’ syndrome®®. It has been 
suggested that vascular endothelial cells- express activation 
antigens or adhesion molecules that are increased in number 
by high levels of circulating cytokines. Circulating NK and 
LAK celts interact with the endothelium, resulting in capillary 
cell changes and enhanced vascular leakage of macromolecules, 
water and sodium®’, resulting in a reduction in systolic blood 
pressure. Recent evidence suggests that rIL-2 enhances nitric 
oxide production from L-arginine which then induces 
vasodilatation®?. This hypotension is usually treated with 
infusion of crystalloid or colloid solutions, but in some studies, 
especially with high doses of bolus rIL-2 infusions, pressor 
agents (dopamine or phenylephrine) have been necessary. If 
the blood pressure cannot be controlled and falls to 
<75~80 mmHg, rIL-2 should be temporarily withheld; this 
usually leads to a rapid return to normal levels. Furthermore, 
arrhythmia, angina, myocardial infarction and reductions of 
left ventricular ejection fraction have also occurred 103940.83, 


Renal dysfunction. Renal dysfunction has been characterized 
by oliguria, decreased glomerular filtration rate and raised 
serum urea and creatinine levels, and in some series has been 
found to be treatment-limitingt™?7:76:84, Studies by the present 
authors involving lithium clearance measurements and urinary 
enzyme levels have demonstrated marked alterations in the 
proximal and distal nephron handling of sodium and water 
that can persist for prolonged periods of time despite normal 
serum urea and creatinine levels®*. It is believed that the relative 
hypotension induced by the vascular leak syndrome, in 
conjunction with a rIL-2-induced inhibition of secretion of 
vasodilator prostaglandins, is an important factor in the 
pathogenesis of renal dysfunction. In some studies this change 
in prostaglandin levels has been further compounded by the 
use of prostaglandin synthetase inhibitors to treat the 
rIL-2-induced pyrexia. Clinically relevant renal toxicity has 
been reduced by avoiding the use of these drugs to treat the 
pyrexia and “flu-like symptoms®®. 


Dermatological effects. The majority of patients experience 
a generalized erythema, maculopapular rash, pruritus and 
variable degrees of desquamation. Exacerbations of pre-existing 
skin problems, such as psoriasis and seborrhoeic dermatitis, 
may also occur”. The histological features of this skin rash 
are non-specific, although increased expression of adhesion 
molecules has been shown, e.g. intercellular adhesion 
molecule 1 on keratinocytes, endothelial cells and the 
perivascular cellular infiltrate in biopsies taken from these 
patients®®, 


Haematological effects. Treatment with rIL-2 may produce 
anaemia, eosinophilia, lymphopenia and thrombocytopenia. 
The lymphopenia occurring during treatment is of particular 
interest, but why it occurs is unknown. Within 24-48 h of 
stopping rIL-2 therapy there is a marked rebound lymphocytosis 
that is related to the mode and dose of rIL-2 adminis- 
tration!®.?3.39_ After cessation of therapy the haematological 
side-effects disappear. 


Neuropsychiatric effects. Neuropsychiatric effects have often 
been documented!°?%-3989, Restlessness, confusion, convul- 
sions and changes in cognitive function and behaviour may 
occur. Peripheral nerve entrapment may also occur and the 
present authors have seen two patients who developed carpal 
tunnel syndrome, one of whom required operative decompres- 
sion which was followed by a complete neurological recovery®®. 


Gastrointestinal effects. Anorexia, nausea, vomiting and 
diarrhoea are common side-effects, occurring to a variable 
degree in most patients'®®°; they are controlled by 
symptomatic measures. Gastric and duodenal ulceration have 
also been reported, although the patients were also receiving 
non-steroidal anti-inflammatory drugs®!. Abnormalities of liver 
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function have been noted with increased serum bilirubin, 
aspartate aminotransferase and alkaline phosphatase levels??. 


Endocrine effects. The hormonal effects of rIL-2 treatment 
are of two types, with changes occurring either secondary to 
an acute inflammatory process or to chronic inflammatory 
changes associated with an autoimmune type of disease 
process®!. A variety of hormones may be stimulated by rIL-2, 
such as adrenocorticotrophic hormone, 8 endorphin and 
cortisolt®8%93, Thyroid function, in particular, has been 
investigated as approximately 20 per cent of patients may 
become hypothyroid, although most of these have pre-existing 
thyroid autoantibodies. It is also interesting that one study 
found a higher response rate to rIL-2 in those who became 
hypothyroid’. 


Prediction of 
interleukin 2 


If at best only 40 per cent of patients have a complete or partial 
response to rIL-2 therapy, it would be beneficial in terms of 
costs (social, financial, etc.) and the avoidance of treatment- 
related morbidity to be able to predict which patients were 
most likely to respond. Attempts have been made to do this. 
West et al.?? have suggested that a favourable response to 
treatment can be predicted by measuring the pretreatment 
absolute lymphocyte count or the degree of rebound 
lymphocytosis following cessation of rIL-2 treatment. Others, 
however, have not found these parameters to be of predictive 
value?*, Enhancement of natural cytotoxicity, e.g. NK and 
LAK cell activity in vitro or in vivo, has been used as a 
‘ predictor?!'??, Sustained production of TNF-« after cessation 
of rIL-2 therapy and release of various cytokines such as TNF-a 
and IL-6 have also been used in some studies?!+95, Clinical 
factors such as performance index, site and extent of disease 
(lung and lymph node metastases respond better than liver 
metastases ) have been used to try to estabish a predictive index. 
Unfortunately, none of these indices has proven reliable. 
Furthermore it appears that the response is dependent on 
tumour type, as the best results have consistently been obtained 
in patients with renal cell tumours and malignant melanoma. 
Recently, however, interest has centred on the inter- 
relationship of the cytokine system and the acute-phase proteins 
as it is known that hepatic synthesis of the latter is regulated 
by cytokines, in particular IL-1, IL-6 and TNF-a**. The present 
authors have measured the serum concentration of several 
acute-phase proteins, including C-reactive protein (CRP), both 
before and during infusion of rIL-2 in 15 patients with metastatic 
colorectal cancer?’. These studies have demonstrated that in 
patients who responded to rIL-2 therapy the baseline 
pretreatment CRP level was <10 mg/l. Also, the responding 
patients demonstrated a significant increase in CRP concen- 
tration during rIL-2 infusion. In contrast, non-responding 
patients had a significantly raised pretreatment CRP level and, 
furthermore, all patients failed to demonstrate a significant rise 
in CRP during subsequent rIL-2 treatment. Serum CRP level 
can be measured in most hospital laboratories; the assay is 
inexpensive and the results obtained relatively quickly. Further 
studies need to be carried out with larger groups of subjects 
and different tumour types to define more precisely the 
relevance of the acute-phase response to immunotherapy. 


tients responding to recombinant 
erapy 


Future developments in the use of recombinant 
interleukin 2 in malignant disease 

Animal studies have shown beneficial and synergistic results 
when rIL-2 is used in combination with other methods of 
immunotherapy. In particular, combinations of IFN-«, TNF-a 
and monoclonal antibodies with rIL-2 gave improved results 
compared with rIL-2 alone?®-9%99, Further work is required 
in patients with malignancy to evaluate these combinations in 
terms of enhanced clinical response and reduced morbidity. 
Preliminary studies from Rosenberg et al.!° have suggested that 
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rIL-2 used in combination with IFN-a is also more effective 
than rIL-2 alone, without additional treatment-related toxicity, 
but other workers have not confirmed this. Recent interest has 
also focused on tumour-infiltrating lymphocytes. Isolation of 
these lymphocytes and subsequent reinfusion back into a 
tumour-bearing animal has resulted in very efficient destruction 
of metastati¢ tumour deposits, more so than with LAK cells!°°. 
Human tumour-infiltrating lymphocytes have been isolated and 
expanded in in vitro culture with rIL-2. Such cells have 
subsequently been used in treatment and the initial results look 
promising!°. These techniques are labour-intensive and costly 
and other methods of generating more effective tumour- 
infiltrating lymphocytes such as gene transfection are being 
pursued. 

The use of biological response modifiers in combination with 
chemotherapy has been shown to achieve better response rates 
than immunotherapy alone in certain types of tumour. 
Although many chemotherapeutic agents, e.g. cyclo- 
phosphamide, cause immunosuppression at conventional 
doses, they are immunostimulative at lower doses!®!. 
Therefore, specific combinations of chemotherapeutic agents 
and biological response modifiers, given in defined sequences, 
may offer improved response rates in certain malignancies. 

The use of rIL-2 has so far been restricted to the treatment 
of advanced malignancy. However, preliminary work has 
indicated that rIL-2 may be used in the perioperative period 
to reverse the immunosuppression associated with surgical 
trauma}®?, This is a period when tumour cell dissemination is 
occurring and the use of rIL-2 as an adjuvant therapy in the 
treatment of surgically ‘curable’ tumours offers exciting 
possibilities. 
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Hippocrates’ realized the importance of documenting all 
possible variations in each individual patient and then deducing 
their relevance: 


“... what food is given to him and who gives it ... the conditions 
of climate and locality both in general and in particular, the 
patient’s customs, mode of life, pursuits and age ... his speech, 
his mannerisms, his silences, his thoughts, his habits of sleep or 
wakefulness and his dreams, their nature and time.’ 


Until recently, the results of treatment could be measured only 
in terms of death, disability or cure. Despite the increasing 
sophistication of new medical and surgical treatments, most 
surgical remedies are not measurable accurately in terms of 
survival; remarkably little attention has been given to 
establishing other means of measuring the effect of treatment. 
The dissatisfaction of some patients with conventional medicine 
is demonstrated by the increasing demand for ‘alternative’ 
remedies and increasing litigiousness. The dilemma of how to 
allocate priority in a medical system with finite resources is 
becoming more pressing. This paper addresses the questions of 
how to judge which treatments are the best, and who should 
offer them, to whom and when? 


Quality-of-life measurement 
The physicist Lord Kelvin? (1824-1907) stated: 


‘When you can measure what you are speaking of and express 
it in terms of numbers you know something about it: when you 
cannot express it in terms of numbers your knowledge is of a 
meagre kind.’ 


The simplest definition of life divides it into two dimensions: 
quantity'and quality?. Quantity is easy to define and measure 
but defining quality is an exacting philosophical exercise*, 
quality in medical care no less so*. The term quality of life was 
first coined by John F. Kennedy’s presidential commission®, 
which set goals for the USA for the year 2000. Elkington referred 
to it as a goal aimed for by every physician for the patient’, 
but the ethos was clearly embodied in the constitution of the 
World Health Organization in 1947 in which health is defined 
not only as the absence of infirmity, but also as a state of 
physical, social and mental well-being’. 

In the realms of chronic or incurable disease, it is accepted 
that factors more subtle than survival alone must be taken into 
account in assessing treatment. In 1949, the oncologist 
Karnofsky and colleague Burchenal developed the first measure 
of ‘performance’, a ten-point scale spanning the extremes of 
physical dependency as related to nursing burden and measured 
by an observer. For many years this scale was used widely, but 
often indiscriminately or inappropriately. It was improved 20 
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techniques used -are easily understood but they have not been 
standardized and are subject to several confounding factors. 
Nevertheless, quality-of-life measurement may provide additional 
information in the research environment and surgical audit. 


years later by the Activities of Daily Living scale'®. In the past 
two decades a profusion of scales and questionnaires 
(instruments) have been developed, primarily for the 
measurement of health in patients with cancer or chronic 
disease, and usually to compare treatments in the context of 
trials. The common goal is measurement but the construct 
being measured differs depending on the instrument. 

The terminology that has evolved is sometimes confusing. 
Spitzer advises that ‘health status’ should be used to describe 
instruments that are applied primarily to healthy people, 
whereas quality of life be used for those that apply to the sick?!. 
However, the terms tend to be used interchangeably and quality 
of life in current usage broadly encompasses all measurement, 
irrespective of health state. 

A growing number of trials reported in the literature have 
incorporated some element of quality-of-life measurement. This 
may have more to do with the changing influence of social 
values on the medical profession than a sudden increase in new 
treatments or technologies. Between 1966 and 1970, four papers 
had quality of life in the title, although more may have embodied 
the concept; in the next 5 years there were 33 papers’?. In 1980, 
Mosteller ef al. reported that, of 132 trials related to cancer, the” 
overwhelming majority reported outcome only in terms of 
survival or recurrence!>. Bardelli and Saracci reviewed cancer 
trials from 1956 to 1976 and found that in fewer than 5 per cent 
was quality of life quantified; even then objective functional 
measures such as the Karnofsky index rather than subjective 
quality-of-life measures were used’*. Quality of life has now 
been a separate keyword in the Index Medicus for 15 years. 
However, while publications may mention quality of life, in 
only a minority is it actually measured. 


When to measure quality of life 


Measurement of quality of life is used mainly to evaluate the 
process and outcome of treatment in the research context of 
cohort studies and randomized comparisons. In the former, 
particularly useful for a quick answer to a simple question, a 
score before treatment is compared with a single score, or series 
of scores, after treatment. For randomized comparisons the 
change in scores over time is compared for two or more 
treatment groups in the context of a trial designed and 
conducted in the usual manner. 

Among early attempts to use patient-derived quality-of-life 
data was the study by Priestman and Baum, who reported the 
use of linear analogue self-assessment to measure the quality 
of life of patients with advanced breast cancer treated by 
chemotherapy; a reduction in tumour size was associated with 
improved scores'*. In the 1980s, quality-of-life measurement 
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was developed for a variety of chronic conditions other than 
cancer such as hypertension!®, inflammatory bowel disease’ 
and rheumatic disease!®. It is currently being used in an ever 
widening range of trials and clinical situations. Even 
appendicectomy, once cited as an instance where quality-of-life 
measurement is superfluous!®, is now, with the advance of 
laparoscopic surgery, a candidate for such assessment. 


Instruments for measuring quality of life 


The instruments that are used presently measure quality of life 
in either general terms or specific illnesses. Almost all are now 
self-assessment instruments, designed to remove the potential 
for observer bias. Poor observer—respondent correlation in 
health status and quality-of-life measurement is a well 
documented phenomenon?°-??, so only a compelling reason 
such as extreme youth should allow the assessment of a proxy 
or observer to have precedence over that of the subject. 

Instruments consist of a variable number of domains, usually 
one to six, that contain or gather information focused on a 
particular aspect of health and quality of life. Ware defined five 
generic health concepts or dimensions: physical health, mental 
health, social functioning, role functioning and general health 
perceptions®. The Nottingham Health Profile, perhaps the best 
known quality-of-life questionnaire, includes six domains: 
emotional reactions, energy, pain, physical mobility, sleep, and 
social isolation??. 

Each domain of a quality-of-life instrument contains items 
that can be complete questions requiring a ‘yes’ or ‘no’ answer 
(dichotomous) or symptoms inviting the selection of a graded 
response on a scale. The latter can be categorical (e.g. ‘very 
much’, ‘somewhat’, ‘a little’, ‘not at all’) or in a visual analogue 
form in which a mark is made on a straight line that spans the 
extremities of a symptom. There is no evidence that a visual 
analogue scale is superior or inferior to a categorical scale, 
although the latter has been advocated for simplicity”*; nor is 
there evidence that an odd or even number of categories is 
preferable?*, although more than five points are superfluous in 
a categorical system?®. 

The final score depends on the format chosen. A categorical 
scale is usually given an ascending integer score corresponding 
to the severity with which the symptom or item is perceived 
(e.g. 0-4). Each item of a visual analogue scale is usually scored 
on a 10-cm line divided into ten portions: the distance of the 
patient’s mark along the line is given a score 0—9 (or 1-10), 
again depending on severity. Scores for individual items are 
summed to produce a score for that domain, but in some 
measures, e.g. the Nottingham Health Profile, a weighting 
system is derived from extensive validation exercises so that a 
positive response for each item is multiplied by a factor before 
ageregation?>. Summation of the scores from separate domains 
into a global quality-of-life score is a prevalent practice, but 
may detract from rather than add to the precision of the 
data27-28, 

The timeframe is the period which the respondent is asked 
to consider in forming a response. Some measures of quality 
of life leave the timeframe undefined; in others, patients may 
be asked to consider the previous day, week or month before 
responding?’, The periodicity or variability of the condition 
will dictate the choice of timeframe; for certain instruments it 
is built into the instrument design, for instance a diary card. 

Many factors have influenced the development of 
quality-of-life measures. Those in common usage have all been 
through a rigorous process of development involving item 
selection, reduction in item number, design of format, 
pretesting, reliability testing (for repeatability), responsiveness 
(comparison with the change in other parameters, e.g. objective 
toxicity) and validity?’:?9. Validation needs time and patient 
numbers. Manuals exist for the majority of well validated 
instruments, containing score ranges for specific patient 
populations on which validation was conducted. 
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Quality of life as a measure of utility 


The term quality of life is sometimes confused with the 
quality-adjusted life year (QALY), a measure of utility. This 
area accounts, at least in part, for the increased interest in the 
subject and represents the attempts being made to find a 
common currency with which to compare, and ultimately cost, 
different health states and treatment interventions. A pioneer 
in this field is Torrance, who developed the model of the 
QALY*°: a model of health/time is used, applying to healthcare 
the analysis of cost-effectiveness and cost—utility*'. The 
denominator is a year; the numerator is a number between 0 
(death) and 1 (optimum health). Torrance is careful to point 
out that in this model quality of life is health related, i.e. without 
the social or ‘beyond the skin’ considerations included in other 
quality-of-life constructs. Torrance defines utility as ‘a cardinal 
measure of the strength of one’s preference’ and derives the 
term from the utility theory model for decision making in the 
face of uncertainty??. The utilities are measured for various 
states of disease or health in two ways: as determined by patients 
actually in that state and hypothetically by observers who have 
experience of dealing with that health state. Torrance proposes 
that the resulting numbers or QALYs be used in three ways: 
in clinical decision making, in group comparisons and in health 
policy formulation. The principle was seized on by health 
economists at an early stage but application of the utility theory 
to real life has resulted in some perverse consequences. For 
example, in the Oregon experiment local citizens who were 
canvassed in a telephone questionnaire and asked to rank some 
2000 conditions in order of priority ranked cosmetic breast 
surgery higher than treatment for a compound femoral 
fracture*>. Harris argues that QALYs are unjust because they 
value time lived instead of individual lives>*. 


Measuring the results of surgery 


Medical audit has three components: structure, process and 
outcome**, The measurement of the first two has so far been 
of interest primarily to non-surgical professionals. Surgical 
outcome has traditionally been evaluated according to two 
basic measurable parameters: mortality and morbidity. Bunker 
and Wennberg drew attention to the inappropriateness of using 
mortality data to measure certain aspects of surgery, pointing 
out that elective surgery is directed primarily to improvement 
in quality of life, i.e. the relief of disability, discomfort and 
disfigurement?©. Goligher acknowledged that surgeons often 
adopt too simplistic an approach to the outcome of their efforts 
and are frequently content to judge results in terms of operative 
mortality rate, immediate operative morbidity rate and, in the 
case of operations for malignant disease, length of survival. 
Goligher advocated operation-specific assessment, using a 
specially formulated and searching questionnaire?”. One of the 
first surgeons to attempt measurement of the functional results 
of operation was Visick, who conceded that adverse results may 
arise from gastric surgery and so devised a simple scale with 
which to take account of postoperative function®®. Goligher et 
al. used this scale to assess their results in the first randomized 
study by surgeons??. 

Troid] et al. highlighted the importance of finding better 
techniques to allow surgeons to measure quality of life in a 
simple and practical way*°. Like Ware? and Aaronson?’, Troid! 
et al, advocated the use of specifically designed questionnaires 
to assess the precise outcome of operation, together with more 
general quality-of-life measures. Using this approach, outcome 
was assessed in patients with gastric cancer undergoing total 
gastrectomy with oesophagojejunostomy or construction of a 
Hunt—Lawrence—Rodino pouch*?. 

The role of psychological factors in the outcome of surgery 
has been extensively discussed in the literature. Most authors 
have used observer-assessment as well as self-assessment scales. 
The adverse psychological consequences of mastectomy were 
reported by Morris et a/.*? and in the following year by Maguire 
and colleagues*?. Fallowfield et al., in a prospective study of 
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101 patients randomized to receive mastectomy or breast- 
conserving surgery, found morbidity rates equally high in both 
groups, probably as a result of the cancer itself*, Hughson et 
al. measured the profound psychological impact of chemo- 
therapy after mastectomy and the lesser impact of 
radiotherapy*®. In most of these studies assessment was made 
by trained interviewers as well as validated questionnaires. In 
1988, Koivukangas and Koivukangas reported a study into the 
` quality of life of patients undergoing surgery for infiltrative 
brain tumours; they started using the Karnofsky scale? and 
Glasgow Outcome Score*” but developed their own scale, based 
mainly on semistructured interviews repeated at intervals from 
before treatment*®. In a study of patients undergoing minor 
surgery, postoperative psychological questionnaire scores were 
significantly better than preoperative scores, more so for 
patients claiming an improvement as a result of surgery 
(S. C. A. Fraser et al., unpublished results). 

Perhaps the most significant impediment to the acceptance 
of quality-of-life measurement as a bona fide branch of research 
is that it is regarded as ‘soft’ science by those who are used 
to measuring phenomena under laboratory conditions*®. 
Feinstein described the science of ‘clinimetrics’: arbitrary 
ratings, scales, indices, instruments or other expressions that 
have been created as measurements for clinical phenomena that 
cannot be expressed in the customary dimensions of laboratory 
data*°-5!, Examples are the Glasgow Coma Scale*”, the Apgar 
score®>, the tumour node metastasis staging system** and the 
Visick scale?®. 

Troid! observed that clinicians prefer ‘hard’ data, even when 
these are irrelevant in measuring the outcome for a patient, 
and they ignore soft data, like pain, fatigue and quality of life. 
Even data traditionally regarded as hard, such as Dukes’ 
staging for colorectal cancer, can be heavily observer dependent 
and subject to considerable variation. 


Quality-of-life measurement in surgical practice 


There is now an expectation that surgeons undertake detailed 
measurement of the effect that their work has on individual 
patients and the population. In the UK the National Health 
Service reorganization into purchaser and provider units has 
enhanced this and health economists scrutinize every aspect of 
surgical provision. Surgical audit, hitherto performed at the 
discretion and pace of the surgeon, is now being established 
with specific funds allocated from the health budget. To develop 
this process, better measures of outcome and process must be 
found. If surgeons wish to measure their practice more 
accurately, they need to know more about the instruments that 
may help with this task. 

There is evidence that surgeons are now more willing to 
employ quality of life to measure the results of their work. In 
1987 only 3 per cent of trials reported in surgical journals 
mentioned quality of life*®, Some 5 years later there are 
examples of studies measuring quality of life in neuro- 
57-61" carotid endarterectomy®?, head and neck 
, congenital heart disease°>-®’, coronary artery and 
valve surgery®*-73, cardiac dysrhythmia surgery’*, heart 
transplantation’*:7°, aortic aneurysm”, oesophageal and 
gastrointestinal surgery’®-®?, hepatobiliary surgery®***, liver 
transplantation®*:®*, colorectal surgery®’-°', benign and 
malignant prostatic surgery??-9>, renal tract stones**, gynaeco- 
logical cancer?® and early breast cancer®®. 


Outcome 


The usual measures of outcome after surgical admission for 
non-life-threatening conditions are gleaned in a busy outpatient 
clinic with the answer to the question ‘How are you feeling 
now?’, the presence of a healed wound and the absence of 
surgical complications. Perhaps quality-of-life measurement 
would give full and pertinent outcome data even if 
uncomplemented by any other measurements. 
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Information regarding the anticipated outcome of treatment 
has a long tradition in the surgical literature. A significant 
finding from some studies is that quality-of-life scores before 
treatment can predict outcome. Morris and Sherwood?’ 
measured the decline in quality of life in terminally ill patients. 
In a later study of patients with advanced breast cancer 
undergoing chemotherapy, no single factor before treatment 
predicted survival or response more accurately than initial 
quality-of-life scores®®. In 131 patients with acute abdominal 
pain, health-related quality-of-life measurements alone were 
inferior to clinical judgement in predicting non-specific pain??. 
However, in the self-selected subgroup of patients who 
responded to postal questionnaires, continued perception of 
pain was associated with anxiety at all stages, irrespective of 
diagnosis. In a study of 57 patients undergoing minor surgery, 
patients claiming a poor outcome had significantly poorer 
psychological scores before treatment, whereas those claiming 
improved health had significantly worse preoperative global 
health scores (S. C. A. Fraser et al., unpublished results). The 
commonsense view of these findings would be that a practised 
clinician can tell which patients will benefit from treatment. 
That this can be measured, however, may be of more than 
academic interest in future. 

In the future, quality-of-life considerations may require more 
complete documentation and may be scrutinized more closely 
than was previously considered necessary. Surgeons should 
become familiar with the potential advantages and pitfalls of 
quality-of-life measurement if they wish to maximize their 
contribution to the task of evaluating the delivery of surgical 
care. The incorporation of quality-of-life measurement into 
clinical audit is technically feasible; it is one of the few ways 
in which treatment strategies can be evaluated other than by 
measures of survival, complications and activity. 


Methodological considerations 


Choice of instrument 


In advocating the involvement of surgeons in instrument 
development, Troid] argued that domination of quality-of-life 
research by sociologists and epidemiologists resulted in 
instruments far removed from clinical reality and inadequate 
or unacceptable for clinical purposes. However, both Ware? 
and Aaronson?’, while advising the use of a well validated 
general questionnaire, suggested that an additional specific 
questionnaire (validated or ad hoc) focusing on the condition 
being examined should be adapted from existing measures 
rather than attempting to reinvent the wheel. Therefore, ad hoc 
questionnaires should be simple and designed along the 
standard lines recommended by other authors!°°:?9, Several 
authors caution against using unvalidated measures but all 
measures start off unvalidated, including the Visick scale*®. A 
comprehensive review of quality-of-life instruments has been 
provided by Fallowfield!®!. 


Compliance 
A methodological drawback of any study requiring subjects to 
complete questionnaires voluntarily is compliance; this is 
especially relevant for studies of patients who are basically 
physically well. Poor patient compliance is blamed for 
deficiencies in design or conduct of many studies, not just those 
involving quality-of-life measurement. However, in quality-of- 
life studies it is particularly important that good compliance is 
achieved to minimize volunteer bias, the effect of which may 
be difficult to quantify on the validity of a study’s findings. A 
clinical or research assistant should be present to guide and 
encourage the completion of questionnaires. For postal 
questionnaires compliance is better if each missive is 
accompanied by a telephone call. It takes committed 
investigators to make a success of such studies®. 

An ethical problem arises in the pursuit of non-compliers. 
To pursue too assiduously may breach an ethical boundary 
and the researcher may then be interfering with the quality of 
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life of the patient. Patients have a right not to comply. Such a 
situation calls for tact, discretion and persuasiveness on the 
part of any investigator, features often omitted in the discussion 
of methodological issues in quality-of-life research. In this 
respect such work has much in common with market research 
which, while a valued tool in a manufacturer’s armamentarium, 
is subject to the vagaries of public opinion and individual mood. 


Data processing 


One problem is the deficiency of information on the best method 
of processing the enormous number of data that accrue from 
quality-of-life measurement. It should not be assumed that the 
quality-of-life scores of a given population are distributed 
normally and it is safest to analyse data non-parametrically. 
The appropriate statistical tests are therefore kept simple and 
suitable books and computer programs are widely available. 
Measurements are generally compared with a baseline value 
for that patient. Factors other than the construct under 
examination may cause a change in quality-of-life score (e.g. a 
recent bereavement) so, unless group numbers are large or 
specific additional measures are employed to filter out such 
confounding factors, multiple measurements must be made over 
a period of time. Some of the principles of quality-of-life data 
analysis have been described by Fayers and Jones!®? and in a 
recent review by Cox et al. some important statistical problems 
were addressed?®. 


Future of quality-of-life measurement in surgical practice 


There is no evidence that the treatment or management policies 
of those who do not conduct research into quality of life have 
been substantially altered by the results of those who do. For 
instance, amputation has been abandoned in favour of 
limb-sparing surgery for extremity sarcoma, despite evidence 
that quality of life is no better for patients having the 
limb-conserving procedure!°3. This may be due to ignorance 
of work on quality of life**. In plastic surgery, a specialty in 
which quality of life must be the major if not the only endpoint, 
no study in the decade up to 1990 measured quality of life as 
an endpoint!°*. There may also be a view that quality-of-life 
issues can be resolved without recourse to measurement, as 
illustrated by the expansion of laparoscopic surgery in the 
absence of qualitative measurements to confirm its supposed 
superiority over conventional surgery. 

The two biggest influences on treatment strategy are the 
amount of available resources, and cultural and technological 
considerations. Ideally, quality-of-life data should be used to 
make impartial judgements leading to appropriate changes in 
treatment practice rather than to support prejudices. It is 
important that a uniform approach to the measurement of 
quality of life evolves, with well validated instruments and 
methodology. So far, in most studies, widely varying 
instruments and timeframes have been used. It has long been 
recognized by the pharmaceutical industry that an advantage 
such as fewer side-effects may be an important feature of a 
particular product. It is significant that, with the advance of 
the science of quality-of-life measurement, more pharmaceutical 
companies are measuring quality of life in commercially 
sponsored trials'®*. This adds weight to the argument for a 
uniform approach. 


Minimally invasive surgery 
Baum has argued consistently for the randomized trial, except 
in the rare instance of a ‘quantum leap’ in medical progress‘°°. 
Minimally invasive surgery may in some respects be a quantum 
leap in contemporary surgical practice but in others it is an 
area well suited to quality-of-life research. 

Laparoscopic cholecystectomy has become the norm in 
many centres, so the opportunity to conduct a randomized 
comparison measuring quality of life with that after 
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conventional cholecystectomy has been lost. No clinician would 
wish to deny their patient the option ofa less invasive procedure. 
Although there is anecdotal evidence that considerable 
morbidity may result from laparoscopic procedures, the 
mortality and morbidity rates in published studies compare 
favourably with those of open operation!®?-!°9. As judged by 
duration of hospital stay and postoperative discomfort, the 
technique is superior to open operation; quality-of-life 
measurement would appear to be superfluous. 

However, in areas where minimally invasive surgery is 
technically more difficult and has less obvious benefits, 
quality-of-life measurement should be applied. For example, 
Mays et al. reported no difference in quality of life between 
patients having extracorporeal shockwave lithotripsy and those 
having the more invasive percutaneous therapy?*. Neugebauer 
et al. have addressed the problem by measuring as many 
outcome indicators as possible, including quality of life, as their 
laparoscopic cholecystectomy programme accelerates!!°. It 
seems likely that accurate quality-of-life measurement will 
confirm the place of laparoscopic surgery and it may be more 
valuable to apply the techniques to the selection of patients for 
surgery, a topic on which there is no universal consensus!!!. 


Audit 

With the delivery of healthcare in Europe and the USA 
becoming more consumer sensitive, there is recognition among 
surgeons that closer scrutiny of outcome is warranted and that 
the structure and process of the delivery of surgical services 
should be examined!1?~!!*, The Royal College of Surgeons of 
England has an audit unit working towards the standardization 
of data collection on process and mortality. A patient 
satisfaction study has been designed to assess the extent to 
which. clinical treatment and outcome meet the patient’s 
expectations!!5. Furthermore, at least one study has now 
gathered a large number of patients in whom the Nottingham 
Health Profile has been used to measure the outcome of 
cholecystectomy!?°. 

If the software currently being installed for surgical audit 
were to allow later inclusion of outcome measurement using 
quality of life, self-assessment questionnaires could form or even 
replace part of the process of surgical consultation, admission, 
discharge and follow-up. Information about the achievement 
of treatment objectives and the whole ‘surgical experience’, seen 
from the patient’s viewpoint, is as yet uncharted territory. 


The Meran consensus conference 


In October 1989 a group of surgeons and quality-of-life 
methodologists met in Meran, Italy, to discuss the issues and 
formulate objectives and guidelines for quality-of-life measure- 
ment in surgical practice. The conference met in small 
multidisciplinary groups in the specialties of transplantation, 
thoracic, cardiovascular, trauma or orthopaedic, and abdom- 
inal surgery to select diseases for which formal quality-of-life 
assessment was a priority, to consider how useful such 
information was in deciding whether or not to operate, and to 
monitor or evaluate patient status. The important quality-of-life 
domains in each disease state were defined and the instruments. 
reviewed; the results were presented by each group to a plenary 
session!!7, 

Some obstacles were recognized as preventing quality-of-life 
measurement being taken up widely by surgeons at present: 
the perception that such work generates soft or less respectable 
data, the view that clinical judgement of a given situation was 
likely to be more reliable than quality-of-life data, and the 
complaint that quality-of-life measurement would add signifi- 
cantly to already considerable workloads. Moreover, the sheer 
number of quality-of-life instruments without a definite ‘gold 
standard’ may act as a deterrent to their use, especially when 
evidence is lacking that the results of quality-of-life studies make 
any real difference to clinical practice. 
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Conclusions 


Key studies of quality of life in surgery in the coming years 


may encourage further research*’. Some pointers have emerged ` 


from studies reported so far: reliable data can be obtained with 
a general well validated measure and a simple specific measure; 
controls should be used where possible; statistical analysis 
should be by simple non-parametric methods; the quality of 
life of study patients before a procedure may have considerable 
bearing on quality-of-life measurements afterwards. All that is 
now needed is for more surgeons to explore this area of research. 
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The problem of mines mutilating and killing civilians decades after the conflict which spawned 
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Carotid endarterectomy improves 
haemodynamics on the 
contralateral side: implications for 
operating contralateral to an 
occluded carotid artery 


The importance of the patency of the contralateral carotid artery on 
the haemodynamic effect of a carotid stenosis was investigated. The 
breath-holding index was used to estimate cerebral perfusion reserve. 
The percentage rise in middle cerebral blood flow velocity, measured 
by transcranial Doppler ultrasonography, occurring during breath- 
holding was divided by the time of breath-holding. In study 1, ten subjects 
with no carotid stenosis, 13 with unilateral and eight with bilateral 
stenosis were studied. For unilateral stenosis the breath-holding index 
was reduced on the stenosed side compared with normal (0-85 versus 
1:34 per cent per s, P < 0-05). For bilateral disease, in the presence of 
severe stenosis on the side contralateral to that being examined, even 
a moderate stenosis (30-50 per cent) resulted in a much greater 
reduction in the breath-holding index. In study 2, the breath-holding 
index was measured before and after carotid endarterectomy in ten 
patients. The index increased significantly following operation, not only 
on the operated side (1-31 versus 0-79 per cent per s, P < 0-01), but 
also on the contralateral side (1-23 versus 0-87 per cent per s, P < 0-05). 
In three of four patients with contralateral stenosis >90 per cent or 
occlusion, operation improved the breath-holding index markedly 
( > 90 per cent) on the non-operated side above the stenosis or occlusion. 
These results demonstrate the importance of patency of the contralateral 
carotid artery in determining the haemodynamic effect of a carotid 
stenosis. In addition, operating contralateral to an occlusion may 
improve haemodynamic status above the occlusion. Implications in 
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Carotid endarterectomy reduces the risk of stroke in patients 
with a symptomatic carotid artery stenosis of >70 per cent 
diameter'-?, Current opinion favours embolism from the carotid 
lesioh as the major mechanism underlying stroke in these 
patiénts. However, an interesting point to emerge from carotid 
endarterectomy trials was that, in medically treated patients, 
there was a steadily increasing stroke rate with increasing degree 
of carotid stenosis, even above 70 per cent'. This suggests that 
haemodynamic factors may be important. The haemodynamic 
effect of a carotid stenosis depends not only on the degree of 
stenosis, but also on collateral supply. This includes the supply 
via the circle of Willis from the contralateral internal carotid 
artery. Collateral supply from the contralateral side will be 
important in determining the effect of any temporary reduction 
in flow above a carotid artery. Therefore, it is likely that the 
risk of stroke associated with a carotid stenosis will be increased 
in the presence of contralateral carotid disease. 

One method of assessing cerebral haemodynamic status is 
to measure cerebrovascular reserve. In normal individuals a 
fall in perfusion pressure is counterbalanced by vasodilatation 
of cerebral arterioles; under normal conditions this mechanism 
maintains adequate cerebral blood flow. This cerebrovascular 
reserve can be estimated by measuring the change in cerebral 
blood flow that occurs in response to the vasodilator carbon 
dioxide. A proportion of individuals with occlusive carotid 
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selecting patients for carotid endarterectomy are discussed. 


artery disease show reduced cerebrovascular reactivity as 
measured by this technique®. It is believed that haemo- 
dynamically compromised tissue is supplied by maximally, or 
near maximally, dilated arterioles, which are therefore unable 
to dilate much further in response to additional vasodilatory 
stimuli. Changes in cerebral blood flow can be estimated by 
using transcranial Doppler ultrasonography to measure 
changes in mean middle cerebral artery blood flow velocity 
(Vaca) - 

In this study cerebral reactivity measurements have been 
used to assess the effect of contralateral carotid occlusive disease 
on the haemodynamic effect of a carotid stenosis. This technique 
has also been used to assess the haemodynamic changes that 
follow carotid endarterectomy. i 


Patients and methods 


Cerebral blood velocity was measured using a transcranial Doppler , 
ultrasonographic velocimeter TC2-64B (EME, Uberlingen, Germany) 
fitted with a 2-MHz probe. The middle cerebral artery was insonated 
via the transtemporal window at a depth of 50 or 55 mm. The probe 
was held in place by an elasticated strap. The stimulus used to induce 
vasodilatation was breath-holding, which results in a rise in the arterial 
partial pressure of carbon dioxide. Reactivity assessed by this method 
has been shown to correlate with that measured using the 
administration of carbon dioxide*. Subjects were instructed to hold 
their breath after a normal inspiratory breath and the rise in Vaca was 
recorded. A deep breath was avoided as this induces a Valsalva effect 
which reduces Vaea, in contrast, breath-holding after a normal 
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inspiratory breath results in neither a Valsalva effect nor an initial drop 
in arterial pressure and cerebral blood flow velocity*. The percentage 
rise in Vaca, Occurring during breath-holding was divided by the time 
of breath-holding in seconds to obtain the breath-holding index. Two 
measurements were made, separated by 2 min, and the mean taken. 


Study I 
Patients were studied who presented with symptoms or signs suggestive 
of carotid territory ischaemia, and who had undergone high-resolution 
intravenous digital subtraction angiography (DSA) of the carotid 
arteries. They were divided into three groups according to the degree 
of ipsilateral and contralateral carotid stenosis: (1) no stenosis on either 
side; (2) unilateral stenosis (>30 per cent diameter) with normal 
contralateral carotid artery; and (3) bilateral stenosis (>30 per cent 
diameter stenosis on one side with a severe stenosis (90 per cent) or 
occlusion on the contralateral side). 

The breath-holding index was measured on both sides in each 
subject. 


Study 2 

Patients who underwent carotid endarterectomy were studied. The 
breath-holding index was measured in the week before, and 1 month 
after, the operation. 


Statistics 


Comparisons between groups were made using Student’s t test. P < 0-05 
was considered significant. 


Results 


Study I 


There were a total of 31 patients in the three groups. Group 1 
consisted of ten patients (three women) with a mean(s.d.) age 
of 63-1(10-3) years. The 13 patients (three women) in group 2 
had a mean(s.d.) age of 64-7(9-4) years; on the affected side 
the mean(s.d.) degree of carotid stenosis was 70-0(20-1) per cent. 
The eight patients in group 3 were all men, with a mean(s.d.) 
age of 64-8(10-0) years. On the severely stenosed side in six 
patients in group 3 there was complete occlusion; in two there 
was 90 per cent stenosis. On the less affected side the mean(s.d.) 
degree of stenosis was 58-0(20-7) per cent. 
The mean resting V,,,, and breath-holding indices in the 
three groups of patients are shown in Table 1. Values for 
_ individual middle cerebral arteries are shown in Figure 1. The 
breath-holding index was reduced by 37 per cent on the side 
of stenosis in unilateral disease compared with normal 
(P < 0-05), while on the non-stenosed side it was the same as 
normal. However, in bilateral disease there was a much greater 
reduction in the breath-holding index, both on the more 
stenosed side (73 per cent reduction versus normal, P < 0-0001) 
and on the less stenosed side (56 per cent reduction versus 
normal, P < 0-005). In contrast, the mean values of resting Vaca 
were similar in all groups except on the severely stenosed side 
in bilateral .disease where it was reduced by 17 per cent 
compared with normal (P < 0-05). 
In the group with unilateral disease, five patients had a 
carotid stenosis in the range of 35-50 per cent, while in the 
group with bilateral disease six had a stenosis in this range on 


Table 1 Middle cerebral artery flow velocity and breath-holding index 
in three groups of patients with differing degrees of carotid disease 








Via Breath-holding 
(cm/s) index (% per s) 
Normal 46-8(7-4) 1-34(0-65) 
Unilateral disease 
Affected side 49-2(12-9) 0-85(0-48 )* 
Unaffected side 47-9(11-6) 1:34(0-50) 
Bilateral disease 
More stendsed side 38-7(9-3)* 0-36(0-30)t 
Less stenosed side 53-2(10-8) 0-59(0-34)t 





Values are mean(s.d.). Vea, middle cerebral artery flow velocity. 
* P < 005; tP < 0-005; tP < 0-0001 (versus normal, Student’s t test) 
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Figure 1 Cerebral reactivity as measured by the breath-holding index 
in normal controls and patients with unilateral and bilateral carotid 
stenosis 


Breath~-holding Index 
(percentage change per s) 





Before After Before After 
Operated side Unoperated side 


Figure 2 Effect of carotid endarterectomy on cerebral reactivity as 
measured by the breath-holding index on operated and unoperated sides. 
Similar symbols on each part of the figure correspond to readings from 
the two hemispheres of the same patient 


the less affected side. Comparison of the breath-holding index 
in these two subgroups revealed that it was lower in the group 
with bilateral disease (0-61 versus 1-21 per cent pers, P < 0-05), 
while the degree of carotid stenosis in the two groups was 
similar (46:7 versus 48-0 per cent). 


Study 2 

Ten patients were studied before and after carotid endarter- 
ectomy. The mean(s.d.) age was 65-:2(8-5) years; all were men. 
The mean degree of carotid stenosis was 60 (range 45-90) 
per cent on the operated side and 43 (range 0-100) per cent 
on the contralateral side. Patency on the operated side was 
confirmed at 6 weeks to 1 year after surgery in all patients (by 
intravenous DSA in three, carotid duplex scanning in six and 
at autopsy in one who died from myocardial infarction 2 months 
after operation ). 

Measurement of cerebral reactivity 1 month after operation 
demonstrated no significant change in resting Vac on either 
the operated side (48-7 versus 45-9 cm/s) or the contralateral 
side (42:8 versus 45-3 cm/s). However, the mean(s.d.) 
breath-holding index increased after operation on both the 
operated side (0-79(0-45) versus 1-31(0-24) per cent per s, 
P<001) and the contralateral side (0-87(0-63) versus 
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1-23(0-49) per cent per s, P < 0-05). Values for individual 
patients are shown in Figure 2. Three patients had a complete 
occlusion contralateral to the operated side and one had an 
asymptomatic 90 per cent stenosis. Three of the four showed 
marked (>90 per cent) improvement in breath-holding index 
after surgery on the non-operated side, i.e. above the occlusion 
or tight stenosis. The absolute values of the breath-holding 
index before and after operation, respectively, for the three 
patients with occlusion and the one with 90 per cent stenosis 
were 0-65, 1:22; 0-33, 0-47; 0-07, 1:29; and 0-21, 0:79 per cent 


per s. 


Discussion 

The results of study 1 demonstrate the importance of collateral 
supply, in this case via the contralateral internal carotid artery, 
in determining the haemodynamic effect of a carotid stenosis. 
A contralateral carotid stenosis or occlusion increases the 
likelihood that a stenosis will be associated with reduced 
cerebral perfusion reserve. By contrast, most patients with only 
a unilateral stenosis show no reduction of cerebrovascular 
reactivity below the normal range. These results are consistent 
with those found using alternative methods of measuring 
cerebral blood flow. Brown et al. studied unilateral carotid 
occlusion using the intravenous xenon-133 technique to 
estimate cerebral blood flow; carbon dioxide was the 
vasodilatory stimulus*. They found that, although mean values 
of hemisphere reactivity were reduced when patients were 
compared as a group with a group of normal controls, in the 
majority of individuals reactivity above an occlusion was well 
preserved and within the normal range*. However, the presence 
of contralateral carotid stenosis or occlusion resulted in a much 
greater reduction in hemisphere reactivity. 

Study 2 demonstrates that cerebral reactivity on the side of 
carotid endarterectomy returns to normal following the 
operation. This improvement in reactivity following carotid 
endarterectomy has previously been reported by Takagi et al.® 
using xenon to measure cerebral blood flow. However, the 
present results demonstrate in addition that contralateral 
reactivity also improves in a number of patients following 
carotid endarterectomy. This suggests that it is possible to 
improve perfusion reserve above an occluded carotid by 
operating on a contralateral stenosis. 

These results have two implications. First, if haemodynamic 
factors are indeed important in stroke, the risk of ipsilateral 
stroke from a carotid stenosis is likely to be increased in the 
presence of contralateral carotid disease. There are few clinical 
data that address the natural history of carotid stenosis in the 
presence and absence of contralateral stenosis, but preliminary 
data (H. J. Barnett, unpublished results) from the medical arm 
of the North American Symptomatic Carotid Endarterectomy 
Trial have demonstrated an increased risk of stroke when 
contralateral disease is present, which is abolished following 
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carotid endarterectomy. This implies that the degree of stenosis 
at which surgery confers a prognostic benefit, which current 
data suggest lies between 30 and 70 per cent!:?, may be lower 
in the presence of contralateral carotid stenosis. The estimation 
of cerebral reactivity may be a useful determinant in the 
evaluation of patients for carotid endarterectomy. This will 
depend on whether impaired reactivity implies an increased risk 
of subsequent stroke. There has been little work done on this 
aspect; neither of the two recent trials of carotid endarter- 
ectomy? included measurement of cerebrovascular reactivity 
in the preoperative evaluation. However, a recent prospective 
study has shown that the risk of stroke ipsilateral to a carotid 
occlusion is significantly increased if ipsilateral cerebrovascular 
reactivity is reduced, compared with carotid occlusion with 
normal reactivity’. It is likely that a similar situation occurs 
above a tight carotid stenosis, but further studies of the 
significance of impaired reactivity are required before its 
measurement can be recommended as a routine part of 
preoperative evaluation. f 

The second implication of the present results is that 
operating contralateral to a carotid occlusion will improve 
perfusion reserve above the occlusion in a proportion of 
patients. In such circumstances endarterectomy may provide a 
therapeutic benefit by reducing low-flow symptoms above an 
occlusion. Further clinical trials are required to determine 
whether endarterectomy produces a significant reduction in 
stroke above the occlusion. 
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Prospective randomized 
comparison of /n situ and 
reversed infrapopliteal vein grafts 


A three-centre prospective randomized trial was undertaken to compare 
the efficacy of in situ and reversed saphenous vein grafts for long 
bypasses to tibial and peroneal arteries. Of 162 patients entered into 
the study, 82 received an in situ graft and 80 a reversed vein graft. All 
operations were for limb salvage and the two groups of patients were 
well matched for age, sex, incidence of diabetes, smoking habits and 
coronary artery disease. At a maximum follow-up of 3 years there were 
48 primary graft failures: 19 in the in situ group and 29 in the reversed 
vein group. Of these, three in situ grafts and seven reversed grafts were 
salvaged by secondary intervention. Secondary cumulative patency rates 
calculated at 3 years after operation were 68 and 66 per cent respectively 
for in situ and reversed grafts (P not significant). Cumulative limb 
salvage rates were 78 per cent for in situ grafts and 87 per cent for 
reversed grafts (P not significant). Separate analysis of a subgroup with 
small veins (<3-5 mm minimum diameter) showed cumulative patency 
rates at 2 years of 74 per cent for in situ grafts and 60 per cent for 
reversed grafts (P not significant). These results indicate that for veins 
>3-5 mm in diameter the in situ and reversed techniques for operation 
are equally effective. Some doubt remains about the best way of using 
smaller veins; a large number of such veins need to be studied to resolve 
this question. 


It is an enigma of vascular surgery that, despite 50 years’. 


experience of saphenous vein grafting for infrainguinal arterial 
disease, there is still no consensus about how the operation 
should be performed. During this time the supremacy of the 
saphenous vein over other available materials has become well 
established, but whether the vein should be excised and reversed 
or left in situ is a conundrum that so far remains unresolved. 
Both of these principal variations of technique have their strong 
advocates, and surgical opinion on the matter is divided. 

The only valid method for comparing the two operations is 
by prospective randomized trial. In 1987 the results were 
published of such a trial to compare reversed and in situ vein 
grafts for femoropopliteal bypass, which demonstrated no 
significant difference in outcome between them?. That trial has 
been criticized for failing to address the more crucial issue of 
long bypasses to infrapopliteal vessels. It has been pointed out 
that the performance of prosthetic grafts to popliteal arteries 
approaches that of veins and that it would be unreasonable to 
expect a relatively marginal difference in performance, which 
might be anticipated between in situ and reversed vein grafts, 
to become apparent from such a trial. For the same reason it 
has been argued that it is unsafe to extrapolate the results to 
distal bypasses where the intrinsic properties of the conduits 
used are known to be rather more critical to the outcome. It 
was therefore necessary to undertake a new trial to compare 
the performance of in situ and reversed vein grafts to tibial, 
peroneal or pedal arteries?. Because of the relatively low 
incidence of these operations it was considered expedient to 
conduct this as a multicentre trial. Three centres with a good 
track record for distal bypass surgery have collaborated for this 
purpose: Montefiore Medical Centre, New York, USA; 
Broadgreen Hospital, Liverpool, UK; and St James’s Hospital, 
Dublin, Ireland. The project was commenced in 1988 and the 
interim results with a maximum follow-up of 3 years after 
operation are reported. 
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Patients and methods 


Patient population 

Of 162 patients entered into the study, 82 were randomly allocated to 
receive an in situ graft and 80 a reversed vein graft. Approval for the 
study was granted by the respective institutional review boards and 
informed consent to randomization obtained from each patient. The 
proportion of in situ and reversed grafts was similar for all three 
participating centres. The characteristics of patients in the two groups 
are compared in Table 1, which shows that they were well matched for 
age, sex, incidence of diabetes, smoking habits and coronary artery 
disease, 

The indications for surgery are shown in Table 2. More than 
90 per cent of patients had critical lower-limb ischaemia with either 
rest pain of at least 4 weeks’ duration or, in two-thirds, established 
tissue necrosis in the affected limb and a systolic blood pressure at the 
ankle <50 mmHg. In 9 per cent the indication for operation was 
disabling intermittent claudication with the addition, in most cases, of 
trophic changes or discomfort at rest, suggesting threatened limb 
viability but falling outside a strict definition of critical ischaemia. There 
was no significant difference in mode of presentation between the two 
groups of patients. 


Operative technique 
A standardized protocol was used in all three centres for both 


Table 1 Patient characteristics 


In situ graft Reversed graft Total 





(n = 82) (n = 80) (n = 162) 
Mean age (years) 73-9 71:8 72:8 
Sex ratio (M:F) (%) 51:49 59:41 55:45 
Diabetes (%) 51 60 56 
Smoking (%) 51 47 49 
Coronary artery 40 49 45 

disease (%) 
173 


Infrapopliteal vein grafts: P. L. Harris et al. 


Table 2 Percentage of patients undergoing primary and repeat 
operations and indications for surgery 








In situ graft Reversed graft Total 
(n = 82) (n = 80) (n = 162) 
Primary procedure 83 82 82 
Previous operation 17 18 18 
Indication 
Gangrene or 63 61 62 
ulceration 
Rest pain 26 31 28 
Other 11 8 9 


operations. All patients were assessed before surgery by conventional 
or digitally enhanced angiography and by non-invasive laboratory 
studies. The course of the ipsilateral long saphenous vein was marked 
on the skin. In cases of doubt peroperative angiography was used to 
identify the most appropriate vessel and site for the distal anastomosis. 
Peroperative heparin anticoagulation was employed in all cases; platelet 
aggregation was suppressed with oral aspirin, commencing at least 48 h 
before operation and continued afterwards. 


Reversed vein operation i 

The vein was exposed throughout its length by an incision made directly 
over it, allowing its removal with minimal manipulation. Care was 
taken not to pick the vein up or otherwise traumatize it with metal 
instruments, and the tributaries were ligated with fine silk ties placed 
1-2 mm away from the main conduit to avoid adventitial tethering. 
The vein was gently distended with heparinized blood and its minimal 
diameter measured at this stage. It was placed in a deep tunnel alongside 
the natural artery but superficial to the adductor magnus tendon; in 
all cases the anastomoses were constructed in an end-to-side manner 
using fine vascular sutures with the aid of magnification as appropriate. 
Peroperative angiography to detect technical error was undertaken on 
completion of both anastomoses. 


In situ vein operation 

The vein was exposed throughout its length to identify any excessively 
narrow qr phlebitic segments and permit ligation in continuity of all 
visible tributaries. The saphenofemoral junction was carefully dissected 
and divided with a side clamp applied to the common femoral vein. 
The resultant defect in the femoral vein was repaired with a continuous 
fine vascular suture. After excising the first valve under direct vision 
with fine scissors, the proximal anastomosis was fashioned in an 
end-to-side manner. If there was insufficient length of vein for direct 
anastomosis to the common femoral artery without tension, either the 
superficial femoral or profunda artery was used. With arterial pressure 
distending the vein and filling the valve cusps, either a Hall’s or modified 
Mills’ retrograde valvulotome was introduced from the distal end of 
the graft or via side branches, and each set of valve cusps disrupted in 
turn. Only small sizes of valvulotome (mostly 2-5 mm) were used, in 
an attempt to reduce the risk of endothelial trauma. Once pulsatile 
flow had been observed from the distal end of the graft, a soft microclip 
was applied and the distal anastomosis constructed in an end-to-side 
fashion, Completion angiography was used to identify undisrupted 
valve cusps, unligated tributaries and technical defects; this was 
repeated as necessary. After completion of the bypass the minimum 
diameter of the vein and its length were measured. 


Follow-up 

All grafts were subjected to postoperative surveillance programmes 
using duplex scanning to confirm patency and detect evidence of 
graft-related stenoses*'*+. Early secondary intervention for stenoses that 
threatened graft patency was performed by either percutaneous balloon 
angioplasty or open surgery. 


Results 


The veins were similar in terms of length and minimum diameter 
in the two groups, as were the outflow conditions (Table 3). 
Forty-eight primary graft failures with a maximum follow-up 
of 3 years have occurred to date, 19 in the im situ group and 
29 in the reversed vein group. Of these, three in situ and seven 
reversed grafts were salvaged by secondary intervention. The 
secondary cumulative patency rates at 3 years after operation 
were 68 and 66 per cent respectively for in situ and reversed 
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Table 3 Characteristics of grafts and details of outflow tracts 





In situ Reversed 
graft graft Total 
Mean graft length (cm) 64-5 60:2 62:5 
Minimum graft diameter (mm)* 
>3-5 9 25 27 
<35 60 66 63 
Not recorded 11 9 10 
Outflow vessel* 
Tibioperoneal trunk 7 4 6 
Anterior tibial 23 29 26 
Posterior tibial 22 29 25 
Peroneal 29 25 27 
Dorsalis pedis 18 14 16 
Run-off* 
Blind or distal occlusion 8 14 11 
One patent vessel 56 62 59 
More than one vessel 2 2 2 
Not recorded 33 21 27 


*Values are percentages 
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Time after operation (months) 
No. at risk 
In situ 47 27 14 11 7 
Reversed 49 43 28 24 20 


Figure 1 Secondary cumulative patency rate in in situ (@) and reversed 
(o) vein grafts. Bars are s.e. There were no statistically significant 
differences at any stage up to 3 years after operation (log rank test) 


100 


œ 
o 


Q 
>O 


Cumulative patency rate (%) 





40 
20 
0 6 12 18 24 30 
Time after operation (months) 
No. at risk 
In situ 10 6 4 
Reversed 12 8 5 


Figure 2 Secondary cumulative patency rate in in situ (@) and reversed 
(o) vein grafts with a minimum diameter <3-5 mm. Bars are s.e. There 


were no statistically significant differences up to 2 years after operation 
(log rank test) 
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grafts (Figure 1). Neither the primary nor secondary patency 
rates differed significantly between the two types of graft (log 
rank test). 

Separate comparison by life-table analysis of small veins 
(<3-5mm minimum diameter) showed a secondary patency 
rate at 2 years of 74 per cent for in situ grafts versus 60 per cent 
for reversed grafts (Figure 2). These rates were not significantly 
different (log rank test). 

Graft failure usually resulted in limb loss. Limb salvage rates 
associated with im situ and reversed grafts were 78 and 
87 per cent respectively (P not significant, log rank test). 


Discussion 


Over the years the relative popularity of the reversed and in 
situ vein graft operations has fluctuated considerably. Both 
techniques were conceived at about the same time, but the in 
situ operation was not widely practised until effective 
intraluminal valvulotomes became available. The reversed 
operation, as described by Kunlin® in 1949, was therefore the 
first to become established and remained largely unchallenged 
as the method of choice for the next 30 years. The in situ method 
found favour sporadically from the early 1960s°, and gained 
substantial popularity in the late 1970s following reports of 
excellent results by Leather et al.™®. 

For the past 10 years the in situ method has been on the 
ascendancy. Proponents of this technique cite a number of 
theoretical advantages in its favour. Unlike the reversed vein, 
which is removed completely from its vascular bed, the in situ 
vein remains substantially undisturbed without disruption of 
its vasa vasorum. In theory, therefore, the in situ vein has the 
potential to retain a viable endothelium from its inception as 
an arterial conduit. This thin monolayer of cells has hormonal 
and metabolic functions. It maintains a non-thrombogenic 
surface by producing prostacyclin, tissue plasminogen activator, 
antithrombotic cell surface proteins, heparin and endothelium- 
derived relaxing factor; it also exerts important vasomotor 
control. However, the complexity of this tissue is matched only 
by its delicacy; even minimal trauma, for example that inflicted 
by the passage of a valvulotome, easily removes it. When 
injured, the endothelium may become procoagulant, promoting 
platelet adhesion and activating the coagulation cascade. There 
is also evidence that endothelial injury and the associated 
interaction with platelets may initiate changes through the 
activation of smooth muscle cells, resulting in the later 
formation of myointimal stenoses. It is, however, a moot point 
whether these adverse effects of endothelial injury are more or 
less likely to occur if the vein is reversed than ifit is left in situ. 

Another stated benefit of the in situ vein graft is its natural 
taper. Most surgeons would accept that close matching for size 
between the graft and recipient artery is helpful in facilitating 
the anastomosis, but claims for increased haemodynamic 
efficiency related to the taper of an in situ bypass have not been 
substantiated by experimental studies. 

The presence of valves in a reversed vein graft might inhibit 
natural blood flow reversal during diastole, and it is claimed 
that the absence of intact valves in an in situ graft may thereby 
confer haemodynamic advantages. If this were a significant 
factor, comparison of velocity waveforms between the two types 
of graft would be expected to show differences but, to date, 
objective evidence for this is lacking. 

Finally, it has been asserted that veins that are too small to 
be reversed can be utilized effectively in the in situ technique®. 
However, this also has been challenged and there are those 
who contend that any vein that is suitable for in situ bypass 
can equally well be used in reversed fashion’. 

There are potentially rather more technical hazards 
associated with the in situ operation, and additional operative 
checks are required to ensure that all valve cusps and potential 
sources of arteriovenous fistula have been dealt with effectively, 
so prolonging the procedure appreciably!°. For this reason 
many surgeons might have a preference for the technically more 
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simple standard reversed vein operation, had they not been 
persuaded that its outcome in terms of graft patency was inferior 
to that of the in situ procedure. 

In fact, most claims for superior patency associated with the 
in situ operation have been based almost entirely on credence 
given to the well recognized but largely unproven theoretical 
advantages outlined above, supported only by comparison with 
the results of non-contemporaneous series of reversed vein 
operations. The present study is the first prospective 
randomized comparison of the two procedures. 

The results suggest that there is nothing to choose between 
in situ and reversed vein grafts for long femorodistal bypass 
grafting, and accord with the outcome of a previous trial 
showing equal patency for more proximal bypasses’. At face 
value these results suggest that surgeons might reasonably 
follow their own personal preference in the choice of technique 
for femoropopliteal or femorodistal vein graft operations. It is 
necessary, however, to consider the validity of such a conclusion 
carefully. 

Proponents of either technique might claim that they are 
able to achieve superior results with their own preferred method 
to those reported here. Such comparisons are spurious and do 
not undermine the validity of the present study, which has been 
conducted according to a well accepted protocol of 
randomization to ensure that variable influences are equally 
balanced. The grafts were, therefore, similar in length and 
complexity; this is rarely, if ever, the case when non-randomized 
comparisons are made. The results could, in theory, have been 
skewed if the participating surgeons had been more skilled in 
one technique than the other; this is one factor that would not 
be compensated for by the design of the trial. Involvement of 
more than one centre minimizes such a risk and all three 
principal surgeons were very experienced with both techniques 
before the start of the study. It is unlikely that any bias of this 
nature has influenced the results. 

The outcome from femorodistal bypass surgery is known to 
be influenced considerably by the selection criteria applied to 
patients and, in the case of vein bypass, by the criteria used to 
accept or reject the ipsilateral saphenous vein. On both counts 
all three participating surgeons exercised a very liberal policy. 
Patients were rejected for surgery only if moribund or if the 
limb was gangrenous beyond redemption, and so a substantial 
proportion of those accepted for operation were in a surgical 
high-risk category. 

Some 14 per cent of veins were rejected at operation after 
randomization, a proportion that was similar in both groups. 
It was a deliberate policy to use all but the smallest diameter 
veins to examine the claim that small veins function more 
effectively and with better patency rates if used in situ than 
when reversed. Because there were relatively few veins in this 
category, this aspect of the study remains inconclusive. 
Although there was a trend in favour of the in situ method, 
this was not statistically significant and the results at this stage 
do not provide incontrovertible evidence for the superiority of 
the small-diameter in situ graft. The indications are that long 
vein grafts <3-5 mm in diameter have a very high failure rate 
whatever method of insertion is used, and there is a case for 
considering prosthetic alternatives in this situation. 

Vein grafts are prone to develop stenosis during the first 
6-9 months after implantation and this is the principal cause 
of failure during the first year*. Grafts in the present study were 
subjected to surveillance programmes to detect such lesions, 
and early secondary intervention undertaken as required*. The 
incidence, morphology and distribution of postoperative 
stenosis was not significantly different in the two types of graft, 
and both primary and secondary patency rates were similar. 
These findings do not provide support for the contention that 
the pathogenesis of postoperative stenosis in in situ and reversed 
vein grafts may be different. 

After the first year, the patency rate of autologous vein grafts, 
both in situ and reversed, becomes relatively stable, with a low 
annual attrition rate of about 5 per cent caused mainly by 
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progression of underlying arterial disease. All grafts included 
in this study remain under continued observation but, given 
the very closely matched patency rates after 2 years, it is unlikely 
that an overall statistically significant difference will appear 
beyond this time. The principal outstanding area of doubt 
concerns the best way of using small veins, i.e. those with a 
minimum diameter <3-5 mm. Resolution of this problem will 
require the accession of additional veins in this category and 
so recruitment into the trial is continuing. 

The primary conclusion drawn from this study, that in situ 
and reversed vein grafts perform equally well in femorodistal 
bypass reconstructions, is valid only for situations in which the 
techniques are equally applicable, which is not always the case. 
Nor should the results be interpreted as lending support to 
those who are slavishly committed to one method in preference 
to the other, whatever the circumstances. On the contrary, the 
results suggest that flexibility in distal bypass surgery is the 
most sensible approach. Of the two methods, the reversed 
operation is the more versatile, in that veins of the best quality 
can be selected and positioned for maximal effect; it is also less 
time consuming than the in situ method. Graft failure increases 
with the length of the bypass, and the chances of patency may 
be improved in selected cases by using a distal inflow site’!. It 
has been demonstrated that smaller diameter veins (2-3 mm) 
can be used successfully in the reversed technique in this way!*. 
There may be instances in which the in situ method is technically 
easier or otherwise more appropriate. Other options that have 
not been assessed in this trial are composite grafts and 
non-reversed transposed vein grafts. Proponents of the latter 
method claim that it combines the advantages of both the in 
situ and reversed operations!?, but it may equally be said to 
retain some of their disadvantages. The essential principle seems 
to be that vein graft operations should be tailored according 
to circumstances, and there are claims that, by careful 
application of such a policy, fewer than 1 per cent of veins are 
totally unusable. 

The results of this trial, in conjunction with the excellent 
findings reported previously by proponents of both main 
variations of technique, suggest that factors such as astute 
patient selection, careful siting of the anastomosis, respectful 
handling of the graft, accurate suturing and effective quality 
control may be more important to a successful outcome than 
whether the vein is in situ or reversed. Excessive adherence to 
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one favoured method could be counterproductive. A flexible 
individualized approach is advocated but, where in situ and 
reversed vein grafts are equally applicable, the choice may 
reasonably be determined by the surgeon’s idiosyncratic 
preference. 
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Critical leg ischaemia: an appraisal 
of clinical definitions 


The reliable prediction of imminent limb death remains a clinical 
problem. The International Vascular Symposium and European working 
parties each produced similar definitions of ‘critical ischaemia’, but this 
is the first attempt to address the issue with prospectively collected data. 
Complete 3-year follow-up data were available for 213 patients. In 
addition to the above two definitions, a simplified modification has been 
evaluated, after review of the data 1 year into this study. All three 
definitions were able to identify patients likely to require amputation in 
the absence of successful reconstruction. The sensitivity, specificity and 
positive predictive values with which they were able to do so was, 
however, poor. None of the definitions was able to predict which diabetic 
patients would require amputation. Diabetics were more likely to 
undergo amputation than non-diabetics. There was, however, no 
significant difference in the initial ankle artery pressures between the 
diabetic and non-diabetic patient subgroups. None of the definitions 
reliably predicted which grafts would occlude, in which event the 3-year 
mortality rate was approximately 35 per cent. Critical ischaemia by 
any of these definitions is associated with a high mortality rate. Arterial 
reconstruction is associated with a reduction in both mortality and 
amputation rates These data do not support the hypothesis that critical 
ischaemia is associated with a greater graft occlusion rate than lesser 
degrees of severe ischaemia. 


There is wide variation in the published results of arterial 
reconstructive surgery. This is usually ascribed to differences 
in patient selection rather than to variations in surgical 
technique. An attitude of therapeutic nihilism and cynicism 
regarding data from any centre reporting better than average 
~ results has ensued. This attitude is supported by a widespread 
presumption that patients undergoing surgery for claudication 
are more likely to have prolonged graft patency than similar 
patients undergoing the same procedures for ‘limb salvage’. 
Unfortunately, the term limb salvage lacks formal clinical 
definition and has often been inappropriately applied, which 
has hindered corroboration of this hypothesis. 

In an attempt to reduce future ambiguity, the International 
Vascular Symposium (IVS) working party suggested the term 
‘critical ischaemia’ (Table 1I )!. Since the original IVS definition, 
the authors have proposed modifications of these clinical 
criteria on the basis of a 1-year follow-up of the patients in this 
study*. More recently, the European Working Group on 
Critical Limb Ischaemia has produced a further definition?. 
There is, however, little prospective evidence to support the 
validity of any clinical definition in predicting the need for 
amputation in the absence of successful vascular surgical 
intervention. 

In addition to clarifying the reasons for the variation in 
clinical results reported, a meaningful clinical definition of 
critical ischaemia may aid clinical decision making. In 
particular, legs satisfying such a definition should fulfil an 
absolute indication for either arterial reconstruction or 
amputation. 

Patient data from nine UK centres were gathered 
prospectively and the original IVS working party definition and 
its two modifications applied to assess their capacity to predict 
mortality and amputation rates, and the likelihood of graft 
occlusion, within 3 years of the initial assessment. 


Patients and methods 


The Joint Vascular Research Group at the time constituted 16 UK 





0007-1323/93/020177-04 © 1993 Butterworth-Heinemann Ltd 


vascular surgeons representing both district and university hospitals. 
Nine centres contributed patient data for the purpose of this study. 

A total of 411 consecutive patients with a clinical diagnosis of critical 
ischaemia were entered into the study over 8 months during 1984. 
Demographic data concerning age, previous vascular history, risk 
factors for atheroma (including the presence or absence of diabetes) 
and presenting complaint were recordéd on admission, as were the 
results of routine blood tests and angiography. All patients had Doppler 
ankle artery pressures measured and the presence of ischaemic 
ulceration or gangrene was noted. A record of the management and 
early (30-day) outcome was kept. Patients were followed at intervals 
of 3 months for the first year, and the data collated. A 3-year follow-up 
was performed by the surgical team concerned wherever possible, but 
also involved correspondence with the patient’s general practitioner. 
Only patients with a complete data record for the 3 years have been 
included in the present analysis. 


Table ! Definitions of critical ischaemia 





International Vascular Symposium working party definition 
1. Severe rest pain requiring opiate analgesia for at least 4 weeks 
and either: 
2. Ankle artery pressure <40 mmHg 
or: 
3. Ankle artery pressure <60 mmHg in the presence of tissue 
necrosis or digital gangrene 


(Diabetics should be excluded from the ideal clinical study.) 


Modified International Vascular Symposium working party definition 
1. Severe rest pain requiring opiate analgesia for at least 4 weeks 
and either: 
2. Ankle artery pressure <40 mmHg 
or’ 
3. Tissue necrosis or digital gangrene 


European Working Group definition 
1. Severe rest pain requiring opiate analgesia for at least 2 weeks 
or: 
2. Ulceration or gangrene 
and: 
3. Ankle artery pressure <50 mmHg 
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The data were then categorized according to the original IVS 
definition of critical ischaemia, according to the modification suggested 
by (he present authors, and according to the European Working Group 
on Critical Limb Ischaemia definition (Table 1); outcome in terms of 
graft patency, amputation and mortality rates was examined. Statistical 
analysis was performed using x? or Fisher's exact test according to the 
number of patients involved. 


Results 


Sufficient data were available for this analysis from 213 of the 
411 patients initially entered. The median age of this group was 
67 years and the male:female ratio 2-4:1. A total of 35 patients 
(16 per cent) had diabetes. 

During initial admission, 144 patients (68 per cent) had a 
total of 147 arterial reconstructions (36 suprainguinal, 92 
infrainguinal, 13 combined segment, three balloon dilatation 
alone, three balloon dilatation together with surgical 
reconstruction); 69 patients (32 per cent) did not undergo 
arterial reconstruction, of whom 27 underwent major primary 
amputation and 42 lumbar sympathectomy or medical 
treatment (usually drug infusion). 

At 3 years, 72 patients (34 per cent) had died: 12 during 
initial admission, 33 between discharge and the end of the first 
year, and 27 after the first year. A total of 76 amputations 
(36 per cent) had been performed: 36 during initial admission, 
24 between discharge and the end of the first year, and 16 after 
the first year. 

Of the 144 patients undergoing reconstructive procedures, 
54 grafts (37 per cent) in 51 legs occluded (seven suprainguinal, 
41 infrainguinal, three combined segment) within the 3-year 
follow-up period. Occlusion was treated by amputation in 39 
patients, and was associated with a 31 per cent mortality rate 
within the 3-year follow-up period. 

Twenty-seven patients were treated by primary amputation; 
14 had died at the completion of follow-up. Of the 42 patients 
treated by lumbar sympathectomy or medical management, 22 
had died within the 3-year follow-up and ten had come to 
amputation. By contrast, of the 144 patients in whom 
reconstructive techniques were attempted, 36 (25 per cent) had 
died (P <0-0001) and 38 (26 per cent) had required 
amputation (P <0-0001) within the 3-year follow-up. In 
addition, primary amputation was associated with a higher 
mortality rate than attempted revascularization (P < 0-005). 


Table 2 Prediction of amputation, observed in 76 of 213 patients 


Diabetic patients had a higher risk of amputation (54 per cent) 
than non-diabetics (32 per cent) (P < 0-01) but were no more 
likely to die. 

Peak systolic Doppler ankle artery pressure was similar 
among diabetic and non-diabetic patients and was also similar 
in patients with rest pain alone and those with both rest pain 
and ischaemic tissue necrosis. 


International Vascular Symposium working party definition 
Some 109 patients (51 per cent) fulfilled the definition proposed 
by the IVS working party; 78 (72 per cent) had rest pain with 
a systolic ankle artery pressure <40 mmHg, 67 (61 per cent) 
rest pain with ischaemic tissue necrosis plus systolic ankle 
pressure <60 mmHg, and 36 (33 per cent) had all three. 


Modified International Vascular Symposium working party 
definition 

A total of 153 patients (72 per cent) fulfilled the simplification 
of the IVS working party definition; 83 (54 per cent) had rest 
pain and a systolic ankle pressure <40 mmHg, 111 (73 per cent) 
rest pain and’ ischaemic tissue necrosis, and 41 (27 per cent) 
had all three. 


European Working Group definition 

Some 104 patients (49 per cent) fulfilled the definition suggested 
by the European Working Group on Critical Limb Ischaemia 
(rest pain and/or ischaemic tissue necrosis plus an ankle 
pressure <50 mmHg; 53 (51 per cent) had ischaemic tissue 
necrosis. 


The statistical power of these definitions is summarized in 
Tables 2—5. Both the original and modified IVS criteria, but 
not the European definition, had significant statistical power 
in the prediction of amputation for the study group as a whole 
(Table 2). However, when considering only patients in whom 
revascularization failed or was not attempted, all three were 
able to predict amputation in a proportion of patients (Table 2). 
The simplified definition was most sensitive. The predictive 
value of fulfilling each definition is broadly similar, ranging 
from 70 to 75 per cent. 

No definition was able to predict those patients in whom 
grafts were likely to occlude (Table 3). 

















Positive 
Sensitivity Specificity predictive 
No. p? (%) (%) value (%) 
Data from whole study group (# = 213) 
IVS working party 109 <0-04 61 54 42 
Modified IVS working party 153 <0-003 84 35 42 
European Working Group 104 ns. 55 55 40 
Data from patients in whom reconstruction was not undertaken or failed (n = 120) 
IVS working party 62 <001 61 64 14 
Modified IVS working party 92 <00! 84 36 70 
European Working Group 56 <001 55 68 75 
IVS, International Vascular Symposium. *7? test; n.s., not significant 
Table 3 Prediction of graft occlusion, observed in 54 of 147 reconstructions 
Positive 
Sensitivity Specificity predictive 
No. pr (%) (%) value (%) 
IVS working party 74 n.s. 53 50 37 
Modified TVS working party 96 ns. 69 34 38 
European Working Group 73 ns. 51 48 34 











IVS, International Vascular Symposium. *7? test; n.s., not significant 
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Table 4 Prediction of mortality, observed in 72 of 213 patients 





























Positive 
Sensitivity Specificity predictive 
No. p* (%) (%) value (%) 
Data from whole study group (n = 213) 
IVS working party 109 ns. 51 49 34 
Modified IVS working party 153 <0-04 81 33 38 
-European Working Group 104 ns. 50 52 35 
Data from patients in whom reconstruction was not undertaken or failed (n = 120) 
IVS working party 62 ns. 52 49 44 
Modified IVS working party 92 ns. 85 29 48 
European Working Group 56 ns. 46 53 43 
Data from patients in whom reconstruction was not attempted (n = 69) 
IVS working party 35 ns. 56 55 57 
Modified IVS working party 57 <0-007 92 30 59 
European Working Group 31 n.s. 50 61 58 
IVS, International Vascular Symposium. * 7? test; n.s., not significant 
Table 5 Prediction of amputation in relation to diabetes 
. Positive 
Sensitivity Specificity predictive 
No. P* (%) (%) value (%) 
IVS working party , 
All 109 <0-04 61 54 42 
Non-diabetic 90 <0-01 65 56 4i 
Diabetic 19 ns. 47 38 47 
Modified IVS working party 
All : 153 <0-003 84 35 42 
Non-diabetic 120 <0-01 81 39 38 
Diabetic 33 ns. 95 6 55 
European Working Group 
All 104 n.s. 55 55 40 
Non-diabetic 87 ns. 58 55 38 
Diabetic 17 ns. 47 50 53 





IVS, International Vascular Symposium. * 7? or Fisher's exact test; n.s., not significant 


Only the modified definition was able to predict the 
likelihood of death when considering the study population as 
a whole (Table 4). Surprisingly, no definition was able to 
predict death in patients whose grafts occluded or in whom no 
attempt at revascularization was made. When considering only 
those patients in whom reconstructive procedures were not 
undertaken, only the modified definition was able to predict 
the likelihood of death, albeit with poor specificity and positive 
predictive value (Table 4). 

Table 5 shows the effect of the ability to predict amputation 
produced by excluding diabetic patients; there is some 
statistical improvement. This improvement is associated with 
slightly better (but still poor ) sensitivity, specificity and positive 
predictive value. By contrast, no definition was able to predict 
outcome in a subgroup comprised wholly of diabetics. 


Discussion 


These data support the findings of previous studies, that 
primary amputation carries a higher mortality rate than arterial 
reconstruction. This may be a self-fulfilling prophecy, because 
high-risk patients are probably more likely to be offered 
amputation (as a rapid surgical solution) than those at low 
risk. Nevertheless, it suggests that mortality is related to the 
severity of disease. Furthermore, the acceptable operative 
mortality rate for reconstruction should encourage surgeons to 
pursue revascularization. 

It is surprising that, although all of the definitions examined 
were able to predict amputation in patients whose critical 
ischaemia was not corrected by direct arterial reconstruction, 
only the modified definition had any statistical power in 
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predicting mortality. It had been expected that patients with 
more severe clinical presentations might harbour more severe 
coronary and cerebrovascular disease and, therefore, be at 
greater risk of a fatal cardiovascular event. It is common 
experience that there is poor correlation between the site and 
extent of arterial occlusion and the severity of clinical 
presentation. 

That diabetic and non-diabetic patients had similar ankle 
artery pressures is surprising. Diabetics are, nevertheless, more 
likely to come to amputation than non-diabetic patients. The 
similarity in pressures between these groups appears at odds 
with accepted wisdom, which is that diabetics are more likely 
to have spuriously high ankle artery pressures. The greater 
amputation rate among diabetic patients probably testifies to 
a more aggressive small vessel disease and a greater 
susceptibility to infection. The inability of any definition to 
predict outcome for the diabetic subgroup lends weight to the 
IVS working party’s initial suggestion that ‘diabetics should be 
excluded from the ideal clinical study’. It seems that this disease 
adds a significant and unpredictable element to the clinical 
outcome and the present authors also feel that this subgroup 
should be analysed separately. 

The present data do not support the hypothesis* that 
reconstruction undertaken for critical ischaemia (by any of the 
current definitions) carries a greater risk of graft occlusion than 
that performed for rest pain alone. This may be a consequence 
of inadequacies in the definitions themselves but, in view of the 
fact that they are all able to predict amputation, it is probably 
a significant finding. Perhaps surgical skill (particularly in more 
distal operations) and the site of arterial occlusion are such 
major factors in determining outcome that they obscure the 
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prognostic value of clinical presentation. The former is 
not surprising and has also been suggested in carotid 
endarterectomy. 

This study includes patients from nine centres. Although all 
contributing surgeons share a special interest in vascular 
surgery, the investigative, operative and follow-up facilities vary 
widely between centres. These variables, together with the smali 
numbers of operations within each level of surgical difficulty 
(suprainguinal, femoropopliteal, femorodistal, various angio- 
plasties) conspire to prevent meaningful comparison between 
centres. 

It is not possible to study the natural history of very severe 
lower-limb ischaemia. It is therefore necessary to infer outcome 
from patients in whom direct arterial reconstruction is not 
undertaken, or from those in whom it fails. It is clear from 
the present data that such patients have a significantly worse 
outlook than those who undergo successful revascularization. 
However, it must be remembered that they may represent a 
self-selected subgroup with a disproportionately poor prognosis. 

All three definitions were able to predict a significant number 
of the patients who ultimately came to amputation, but not of 
those who died. The differences between the definitions lie in 
their sensitivities, specificities and predictive values. None was 
satisfactory, and it is not surprising (given that each is 
composed of the same essential ingredients in slightly differing 
proportions) that what one lacked in specificity another lacked 
in sensitivity. These results may have been less disappointing 
if the definitions had been applied to a group less preselected 
for severe ischaemia, but it seemed appropriate to use a history 
of rest pain as the ‘screening test’ and one of the definitions as 
the ‘definitive test’. 

All the proposed definitions of critical ischaemia seem 
inadequate. The reason for this is not immediately apparent, 
but the distribution of ankle artery pressures may offer a clue: 
the distribution of pressures is not normal. It is conceivable 
that an excessive number of patients were recorded as having 
a pressure of 0 mmHg because of difficulty in measuring very 
low pressure. If this is the case, then these data cannot be 
considered to have either corroborated or refuted any of the 
definitions,. but they have revealed a significant practical 
problem in their application. In any event, the addition of 
further defining criteria, independent of observer error, would 
be beneficial. Herein lies the difficulty. Cardiac surgeons can 
obtain prognostic information about the myocardium from the 
electrocardiogram and the anatomical distribution of disease, 
but no similar techniques are available to the peripheral 
vascular surgeon. Toe artery pressure measurements have been 
suggested as a more accurate assessment®’, but the 
measurement is more difficult and prone to variability’. Dowd 
et al? improved the specificity of definition by adding 
transcutaneous oxygen measurement, but this is a time- 
consuming test that is not available to all vascular surgeons. 
Furthermore, there is considerable overlap in the values 
obtained for patients without ischaemic rest pain and those 
with rest pain and ischaemic ulceration!®. Another interesting, 
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but currently experimental, technique for identifying ischaemic 
tissue is phosphorus-31 magnetic resonance spectroscopy'?. 
It is suggested that the various national vascular societies 
and journals are now in a position to agree a unified definition 
of critical ischaemia. The European definition has performed 
disappointingly and the modified IVS definition has a slight 
advantage, probably because it was based on prospective data. 
Despite a similarity in ankle artery pressures between diabetic 
and non-diabetic patients, the inability of any of these 
definitions to predict outcome among diabetics suggests that 
these patients should be excluded or analysed separately. 
Investigators might also try to identify simple widely applicable 
laboratory investigations that will improve predictive value. 
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Intermittent claudication incites 
systemic neutrophil activation 
and increased vascular 
permeability 


Reperfusion following severe ischaemia incites a systemic response 
involving neutrophil activation and vascular injury. Recent work suggests 
that intermittent claudication may also be capable of inducing similar 
changes, reversible by revascularization. This observation may have 
implications for the treatment of claudication and explain the high 
associated cardiovascular mortality. This hypothesis was investigated 
using an in vivo model. Rats underwent repeated hindlimb stimulation 
after common iliac artery ligation. Intravital fluorescence microscopy 
was used to observe postcapillary venules of the tibialis anterior muscle 
in the hindlimb. This revealed a bilateral increase in leucocyte- 
endothelial adhesion and vascular permeability to albumin after 
unilateral subtotal ischaemia and muscle stimulation, associated with 
increased urinary albumin excretion. These results provide further 
evidence supporting the association of intermittent claudication with 
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Reperfusion following severe ischaemia initiates a systemic 
response. Inflammatory mediators stimulate neutrophils to 
release proteolytic enzymes and oxygen-derived free radicals. 
The latter cause systemic vascular injury by peroxidation of 
endothelial cell membrane lipids, resulting in increased vascular 
permeability'?. Reduced neutrophil filterability, increased 
serum lysozyme activity, raised lipid peroxidation and increased 
urinary albumin excretion have been observed in claudicants 
after exercise, suggesting that transient local ischaemia is 
associated with neutrophil activation, oxygen-derived free 
radical activity and increased vascular permeability? *. 

The hypothesis that the mild transient muscle ischaemia of 
claudication is capable of inducing systemic vascular injury is 
supported by evidence from an in vivo model of claudication’ 
in which electron microscopy demonstrated evidence of 
systemic vascular injury (endothelial cell swelling) after 
stimulation of ischaemic hindlimb muscles®. 

Intravital fluorescence microscopy may be used to study 
leucocyte behaviour’? and vascular permeability to macro- 
molecules® in the microcirculation. The present study used this 
technique to investigate whether hindlimb claudication’ in an 
animal model produced systemic changes in white cell adhesion 
and vascular permeability. Certain changes might support the 
previous findings in human claudicants, particularly if 
associated with increased urinary albumin excretion. 


Materials and methods 


The model has been described previously®. Briefly, male Sprague- 
Dawley rats underwent laparotomy, ligation of the right common iliac 
artery and implantation of a pair of electrodes adjacent to the lateral 
popliteal nerve in the right hindlimb. The hindlimb muscles were then 
subjected to electrical stimulation (0-3-ms impulses, 10 Hz) at a voltage 
sufficient to induce palpable muscle twitching without apparent 
discomfort (1:5-2-:3 V) for 10-15 min seven times daily for 14 days 
(higated—-stimulated group). This regimen resulted in circulatory and 
morphological changes similar to those seen in human claudicants, 
without muscle necrosis*'®. . 

Alternatively, rats underwent artery ligation and sham stimulation 
(ligation only group), muscle stimulation after sham laparotomy 
(stimulation only group) or both sham laparotomy and sham 
stimulation (control group). In addition, another group underwent left 
common iliac artery ligation and stimulation of the left hindlimb 
muscles (contralateral group). 
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potentially deleterious systemic manifestations. 


Leucocyte behaviour 


Acridine orange, a fluorescent dye for labelling white blood cells’, was 
used to study leucocyte behaviour in the tibialis anterior muscle of the 
right hindlimb by intravital fluorescence microscopy. 

Rats were anaesthetized by intraperitoneal injection of pento- 
barbitone sodium (5 mg per 100 g body-weight) and a jugular vein was 
cannulated to allow subsequent administration intravenously. The 
animals were placed supine on a specially designed stage with the right 
hindlimb held firmly in extension and the skin and fascia carefully 
stripped from the anterior surface of the tibialis anterior. The muscle 
microcirculation was then examined with a modified Zeiss ACM 
microscope (Zeiss, Oberkochen, Germany) equipped with a mercury 
incident light source and a water-immersion x25 objective lens, 
allowing direct observation or videoscreen viewing via a camera. 
Information was stored on videocassette for subsequent analysis on 
slow-motion playback. Microcirculatory observation concentrated on 
postcapillary venules, the expected site of maximal neutrophil-mediated 
vascular injury'!®. Throughout the procedure the muscle surface was 
superfused with a buffered isotonic solution of 1 per cent gelatin in 
physiological saline (37°C, pH 7-4, equilibrated with 95 per cent 
nitrogen—5 per cent carbon dioxide). 

Four rats from each of the five groups were examined. Acridine 
orange (0:1 per cent in saline) was infused via the jugular cannula at 
0-2 ml/min after an initial bolus injection of 0-5 ml, and mild (1 Hz) 
hindlimb stimulation was commenced. After 10 min of stimulation, 
postcapillary venules were observed for periods of 1 min; five were 
examined from each rat during a 10-min period, so 20 venules from 
each group were studied. On later video analysis, the total number of 
leucocytes passing through the venules was recorded and the percentage 
adhering to the endothelium determined. Leucocytes observed to be 
completely stationary for at least 5 s were classed as adherent, not those 
seen rolling slowly along a venule. 

Mean percentage adherence was calculated for the five groups. The 
data were distributed normally and differences between groups 
determined by Student's unpaired t test and confirmed by analysis of 
variance (ANOVA). 


Vascular permeability 

A further 20 rats (four from each group) were prepared as above for 
intravital observation of the right tibialis anterior muscle. Fluorescein 
isothiocyanate-labelled bovine serum albumin (FITC-BSA) (8-25 per 
cent in water) was injected via the jugular cannula at 1 ml per 100 g 
body-weight, mild hindlimb stimulation was commenced and the 
microcirculation scanned for 30 min. No single area was observed for 
>60s at a time to avoid potential vascular injury from prolonged 
excitation of the FITC!!. All rats were killed by an overdose of 
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anaesthetic | h after FITC-BSA injection and the bladder completely 
drained of urine by laparotomy and direct puncture. 

FITC—BSA in 50 per cent sucrose solution was applied to a 20-cm 
Sephacryl {Pharmacia; Milton Keynes, UK) column and the fraction 
corresponding to the molecular weight of BSA (69 kDa) identified. The 
fluorescence of this fraction was compared with that of the original 
solution by fluorescence spectrophotometry (LS-2 Fluorometer; 
Perkin-Elmer, Beaconsfield, UK), which demonstrated that >90 per 
cent of the FITC was bound to albumin. Urine samples in sucrose 
were then applied to the column, the albumin fraction collected and 
the fluorescence of each sample determined in arbitrary fluorescence 
units. Urinary creatinine was determined and a BSA:creatinine ratio 
(expressed in fluorescence units/millimole) calculated to compensate 
for any differences in urinary flowrate between the rats. 

Leakage of FITC-BSA from postcapillary venules was estimated 
by assessment of the video pictures and differences between the 
BSA:creatinine ratios of the groups analysed by the Wilcoxon rank 
sum test. 


Results 


Figure 1 shows a videoscreen view of leucocytes passing through 
a postcapillary venule of a ligated—stimulated rat. There was 
no significant difference between groups in the total number of 
white blood cells passing through the venules in 1 min, but the 
lowest mean leucocyte flux (41-5 (range 21-52) cells/min) was 
in the control group and the highest (46-4 (range 32-59) 
cells/min) in the ligated—stimulated rats. The percentage of 
adherent white cells did not increase significantly after muscle 
stimulation alone but was significantly higher in the ligation 
only group compared with controls (P <0-01) (Figure 2). 
Leucocyte adherence was greatly increased in ligated- 
stimulated rats (P < 0-001) and significantly higher than after 
either stimulation only or ligation alone. Adherence was also 
significantly increased in the right tibialis anterior muscle after 
contralateral (left-sided) ‘claudication’ (P < 0-01). ANOVA 
confirmed significant differences between the group means 
{P < 0-001). 

There was little discernible leakage of fluorescent albumin 
through the postcapillary venules of control rats: the vessel 
image remained clear throughout the 30-min observation 
period (Figure 3). Similar pictures were obtained in stimulation 
only animals but in the ligated-stimulated group there was 
gradual blurring of the vessel margins over the 30min, 
indicating leakage of FITC~BSA (Figure 4). This was also seen, 








Figure 1 Videoscreen view of acridine orange-labelled leucocytes 
passing through a postcapillary venule in the tibialis anterior of a 
ligated—stimulated rat. L, leucocyte that has become adherent to the 
endothelium 


182 


Leucocyte adherence ($) 





Figure 2 Mean(s.e.m.) percentage of adherent leucocytes in post- 
capillary venules of the tibialis anterior muscle of the right hindlimb in 
rats. *P < 0-01; +P < 0-00! (versus control, Student's unpaired t test) 





Figure 3 Right tibialis anterior postcapillary venule in a control rat 
a immediately and b 30 min after injection of fluorescein isothiocyanate- 
labelled bovine serum albumin 


to a lesser extent, in the ligation only and contralateral 
ligated—stimulated rats. 

Similarly, the BSA:creatinine ratio showed no increase after 
stimulation only but rose significantly after common iliac artery 
ligation (P < 0-05) (Figure 5). There was a significant increase 
(P <001) in the ‘claudicant’ rats (ligated—stimulated and 
contralateral). Again, this was significantly higher than after 
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Figure 4 Right tibialis anterior postcapillary venule in a ligated- 
stimulated rat a immediately and b 30 min after injection of fluorescein 
isothiocyanate-labelled bovine serum albumin 





BSA : creatinine ratio (units/mmol) 


Control Stimulation Ligation Ligated— 


only only stimulated 


Figure 5 Urinary bovine serum albumin (BSA):creatinine ratio Ih 
after fluorescein isothiocvanate-labelled BSA injection. Bars are means. 
The ligated—stimulated group in this instance includes ligated—stimulated 
and contralateral ligated—stimulated rats. *P < 0-05; tP < 0-01 (versus 
controls, Student’s unpaired t test) 


ligation or stimulation alone. Ligated—stimulated and contra- 
lateral rats were analysed together because both groups had 
undergone unilateral artery ligation and stimulation; it was felt 
that for the purpose of studying the BSA:creatinine ratio they 
were essentially identical. The ratio was, indeed, similar between 
the two groups. 


Discussion 


The present study has demonstrated increased leucocyte 
adhesion in the muscle microcirculation of both the claudicating 
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and contralateral limbs and a systemic increase in vascular 
permeability associated with raised urinary albumin excretion. 
Neutrophil—endothelial cell adhesion has a central role in 
reperfusion injury'! and increased white cell adhesion has 
previously been demonstrated after ischaemia by intravital 
microscopy'*:!3, This technique cannot differentiate between 
neutrophils and monocytes, but the rapid response to the 
ischaemic stimulus suggests involvement of the former. 

The present study has relied on measuring changes in urinary 
albumin excretion to quantify indirectly changes in vascular 
permeability seen on microscopy. Although this endorses the 
previous findings in human claudicarits that urinary albumin 
excretion is proportional to the severity of ischaemia'*, a direct 
measurement is desirable, particularly to investigate therapeutic 
modification of the changes observed. In the hamster cheek 
pouch model quantification is relatively simple because leakage 
occurs at discrete sites!*. This is not the case in skeletal muscle, 
but a promising technique for use in this model involves a 
computer program that quantifies fluorescence along a raster 
line of a videoscreen'®. The suitability of this method for use 
in the present preparation is being investigated. 

Peripheral vascular disease is a marker of generalized 
atherosclerosis and claudicants, particularly those with severe 
disease, suffer from a high mortality rate!’. Active treatment 
aimed at modifying the progression and complications of 
atherosclerosis may be of benefit to patients with intermittent 
claudication!®. Neutrophil activation and adhesion, lipid 
peroxidation and increased vascular permeability have been 
implicated in atherogenesis’? ?°. The possibility that these 
events are precipitated by localized muscle ischaemia reinforces 
the importance of holistic management strategies and suggests 
that reversing the systemic response to claudication is desirable. 
In conclusion, the present results provide further evidence to 
suggest that intermittent claudication incites a systemic 
response that may represent a systemic reperfusion injury 
involving neutrophil activation and vascular damage. 
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Peripheral vascular disease is a growing problem in the 
developed world because of smoking and an increasingly elderly 
population. The rise in workload detailed by the Vascular 
Registry in Southern Sweden’ shows that the number of 
operations per 10° inhabitants per year increased from fewer 
than 300 in 1980 to more than 1500 in 1987. Although there 
are no accurate data for the UK, there is every reason to suppose 
that a similar increase has occurred. In response to this 
workload, the Vascular Advisory Committee of The Royal 
College of Surgeons of England has suggested that there should 
be two vascular surgeons per 500000 people”. Unfortunately, 
despite a recent increase in consultant appointments, these 
recommendations have yet to be realized; neither do they take 
into account the increasing work performed by vascular 
radiologists in conjunction with surgeons. 
. The Vascular Surgical Society of Great Britain and Ireland 
was founded 25 years ago and with 450 members now represents 
most of the vascular surgeons in these countries. At its inception 
surgery was the only realistic treatment available for peripheral 
vascular disease and, not surprisingly, surgeons felt that they 
‘owned’ the specialty. However, although there have been 
considerable advances in what the scalpel can achieve, there 
has been a recent shift towards improved diagnostic methods 
and less invasive forms of treatment such as percutaneous 
transluminal angioplasty and thrombolysis. These improve- 
ments have come about largely through a good working 
relationship between vascular radiologists, who have developed 
the techniques, and vascular surgeons, who maintain overall 
responsibility for patients. This change in emphasis was well 
illustrated at the 26th meeting of the Vascular Surgical Society 
in London in November 1992. Of the 66 papers presented, only 
25 were truly surgical, with 18 concentrating on investigative 
techniques and angioplasty, and a further 12 on pharmaco- 
logical treatments including thrombolysis®. The majority had 
a ‘non-surgical’ author. Despite both this and the advances 
made in vascular treatment by radiologists and physicians, the 
Vascular Surgical Society has only four associate (non-voting) 
members. Indeed, the Society’s constitution states that ordinary 
(voting ) members should normally be consultant surgeons with 
a direct interest in vascular surgery. The potential limitations 
of this restrictive policy are obvious. 

In response to the shift toward less invasive endovascular 
procedures, the Society recently accepted the following 
recommendations from its working party: 


1. That the Society encourages the involvement of vascular 
surgeons in endovascular procedures as a complementary 
activity to`the interventions of vascular radiologists. 

2. That the Society advises the Surgical Advisory Committee 
in general surgery that. experience in endovascular 
techniques is introduced into approved vascular surgical 
training programmes. 
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These recommendations were made with little dialogue between 
the surgeons and other interested groups, such as the British 
Society of Interventional Radiologists. In most successful 
vascular treatment centres a necessarily close working relation- 
ship exists between vascular surgeons and vascular radiologists 
and, not surprisingly, these recommendations have caused 
considerable disquiet. An interventional radiologist does not 
need to know how to perform a femoropopliteal graft but rather 
needs to understand the indications and limitations of the 
technique; similarly a vascular surgeon need not attempt to 
replace a vascular radiologist but rather to understand their 
work. Considerable progress, made already through this 
healthy close working relationship, should not be jeopardized 
by a unilateral policy introduced without the involvement of 
the whole vascular service. Just as it should not be the intention 
of the vascular surgeon to usurp the radiologist, the latter 
should have a similar regard for the surgeon and not work 
independently of him or her, but rather as a partner. An 
understanding by all parties of the various therapeutic methods 
can serve only to benefit the patient and improve the quality 
of service that is provided. It is reassuring that constructive 
discussions have now been held between the Vascular Surgical 
Society, the British Society of Interventional Radiologists and 
the Royal Colleges of Surgeons and Radiologists. Recom- 
mendations on training in endovascular procedures have now 
been formulated and should be published soon. 

The vast majority of endovascular procedures are performed 
by interventional radiologists and rightly so, for it is they who 
are trained in radiation physics, equipment assessment and 
associated aspects of safety. Subsequent training in endovascular 
techniques, as with surgery, is a gradual learning process taking 
many years. Vascular surgeons are unlikely to gain sufficient 
experience of these techniques to advance past the ‘learning 
curve’, either as trainees or consultants. However, there may 
be a need for adjuvant angioplasty during surgery and it may 
well be appropriate for this to be carried out by a suitably 
trained vascular surgeon. It may be performed better as a joint 
or staged procedure by the radiologist, but the surgeon should 
not be prevented from doing it if competent. The lack of an 
interventional radiologist is not a good reason for surgeons to 
perform angioplasty. Certainly the concept of a vascular 
surgeon exposing arteries to perform a procedure that could 
be carried out percutaneously is to be condemned. Similarly, 
direct access to the interventional radiologist by the general 
practitioner is to be discouraged as this risks treatment of the 
vascular lesion rather than of the whole patient. In the USA 
this has led to an increase in the number of unnecessary 
angioplasties*. 

The Vascular Surgical Society must take the lead on these 
issues and not fight a rearguard action to protect its own 
interests. Good working practice should stem from what is 
practical and best for patients. The Society can look to its own 
to improve the quality of vascular surgical training. Where 
there are inadequacies in the number or quality of trained 
vascular radiologists, this should be addressed by the Vascular 
Surgical Society (or its appropriately named successor), by the 
Royal College of Radiologists and by the British Society of 
Interventional Radiologists. Only in this way can we hope to 


_ improve the quality of the service and stop the potentially 


harmful dissipation of talent into isolated groups. For instance, 
a European working group on medical angiology has already 
been formed and has drawn up a document entitled ‘The case 
for the specialty of medical angiology”. Similar suggestions 
have been made in the USA®. Presumably these medical 
angiologists envisage a similar role to that of their cardiological 
colleagues, with overall responsibility for patients with vascular 
disease, involvement in diagnostic and percutaneous tech- 
niques, and ultimate relegation of vascular surgeons and 
radiologists to the role of technicians. 
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For debate 


One simple step would be for the Vascular Surgical Society 
of Great Britain and Ireland to drop the isolationist word 
‘surgical’ from its name and welcome other interested groups 
into the Society as full members. The Society cannot prevent 
other clinicians from practising ‘vascular medicine’ if they so 
wish, and the key to future cooperation is improved 
communication. Similarly, more varied training schemes would 
allow trainees with an interest in vascular disease to be exposed 
to the many facets of the vascular service and to the concept 
of the team approach. These would be the first steps toward 


creating a truly integrated vascular service. Although, in the - 


long term, a unified vascular training scheme that includes 
medicine, surgery and radiology might appear attractive, it is 
difficult to envisage how this could develop as this concept cuts 
across traditional preserves of the interested parties, especially 
those of the Royal Colleges. 


Short note 
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The past decade has seen considerable advances in anaesthetic 
and vascular surgical practice, and a greater number of elderly 
patients undergo major reconstructive and limb salvage 
procedures than ever before. One disadvantage of this trend is 
that an increasing number of patients occupy acute surgical 
beds for convalescent purposes, and this may compromise a 
unit’s capacity to meet ongoing vascular and general surgical 
commitments. Moreover, it is often perceived that the problem 
is aggravated by the loss of convalescent beds throughout the 
health service. 


Methods 


A postal survey of 333 consultant members of the Vascular Surgical 
Society of Great Britain and Ireland was conducted to assess trends 
in the availability of convalescent facilities for vascular patients. 


Results 


Of 236 respondents, only 52 (22 per cent) had access to 
convalescent beds; there was no difference in availability 
between consultants working in teaching (18 of 80) or district 
general (34 of 156) hospitals. Both groups with access had a 
median of 10 beds at their disposal. Compared with 10 years 
ago, 144 consultants (61 per cent) noted no change in 
convalescent facilities, while three (1 per cent) had more beds. 
Access to convalescent beds had, however, decreased for 89 
consultants (38 per cent), 70 (79 per cent) reporting a complete 
loss of beds. 
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On the day of completing the survey, a median of 3 vascular 
patients could have been transferred from each consultant’s 
acute surgical ward to convalesce if beds had been available. 
This was higher for teaching (median 5 (95 per cent confidence 
interval (c.i.) 4—6)) than district general (median 3 (95 per cent 
c.i. 2-4)) hospitals (P < 0-0001, Mann-Whitney U test). 
However, where consultants had access to convalescent beds, 
the median (95 per cent c.i.) number of patients who could be 
transferred was less (1 (O—2)) than for those with no access (3 
(2-4)) (P < 0-0001, Mann-Whitney U test). 

Overall, 106 surgeons (45 per cent) cancelled vascular cases 
more than once a fortnight, 13 (6 per cent) cancelled none and 
the remainder cancelled fewer than one a month. Teaching 
hospital consultants were more likely to cancel cases more than 
once a fortnight than their district general hospital counterparts 
(odds ratio 3-5 (95 per cent c.i. 2-0-6-2)), as were consultants 
with no access to convalescent beds (odds ratio 6:5 (95 per cent 
c.i. 2-8-14-0)). i 


Discussion 

With the trend towards complicated limb-salvage procedures 
and operations on an increasingly elderly’ population, it is 
inevitable that some patients may require a longer period of 
convalescence and rehabilitation than usual. Few, however, 
require intensive medical or nursing care after the early 
postoperative period. 

Although this study represents only 236 respondents, it 
suggests that the minority of vascular surgeons have access to 
convalescent beds and few have separate rehabilitation units 
for amputees. As expected, consultants with no convalescent 
facilities had a greater number of patients occupying acute 
surgical beds and this has implications for cost-effective 
utilization of limited resources. In addition, while there are 
many reasons for case cancellation (seasonal variations, bed 
availability, intensive therapy unit facilities, staffing, etc.), 
surgeons with no access to convalescent beds were more likely 
to cancel cases on a regular basis, although an unknown 
proportion of these may be varicose vein operations. While 
these problems may be eased with the advent of on-site ‘hotel’ 
facilities, it remains to be seen whether such facilities will either 
cope with current problems or meet the growing demands of 
the future. 
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Interventional radiology in the 


maintenance of infrainguinal vein 
graft patency 


The impact of interventional radiology on the cumulative patency rate 
of 112 consecutive infrainguinal vein grafts was reviewed, The primary, 
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primary assisted and secondary cumulative patency rates at 42 months 
were 40, 65 and 69 per cent respectively. The difference between primary 
and primary assisted patency rates (40 versus 65 per cent, P = 0-007) 
resulted from the early detection and treatment of stenoses in 30 grafts 
by percutaneous transluminal angioplasty (PTA). Interventional 
radiology also improved the cumulative graft patency rate through PTA 
of one inflow and five outflow arteries, thrombolysis of two graft 


occlusions, embolization of two persistent arteriovenous fistulas and 
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Although it is generally agreed that autogenous vein is the 
conduit of choice for infragenicular bypass graftingt:?, it is also 
recognized that about 30 per cent of grafts develop focal 
stenoses* and that once occluded these grafts are difficult to 
salvage*. Moreover, even if salvaged, occluded grafts have a 
disappointingly low cumulative patency rate*. In an attempt 
to detect and correct graft-threatening stenosis before occlusion, 
a programme of vein graft surveillance? was carried out: it was 
decided to treat vein graft stenoses in the first instance by 
percutaneous transluminal angioplasty (PTA). This paper 
describes the radiological techniques and results of this 
approach. The overall role of interventional radiology in the 
maintenance of infrainguinal vein graft patency is also reviewed. 


Patients and methods 


All infrainguinal vein grafts constructed during the period July 1988 
to March 1992 were prospectively entered into a surveillance 
programme. The operative techniques have previously been detailed’. 
During the period of this study in site vein grafts were exposed 
throughout their length and angioscopy was not used. Haemo- 
dynamically significant stenoses were treated by PTA as first-line 
therapy. Interventional radiological techniques were also used to 
perform angioplasty on stenosed inflow and outflow arteries, embolize 
persistent arteriovenous fistulas, salvage occluded grafts by thrombo- 
lysis and aspirate thrombus. 


Vein graft surveillance? 

Patients were examined during the first year after operation at 1, 3, 6, 
9 and 12 months and thereafter at intervals of 6 months. Each visit 
consisted of a clinical assessment, measurement of systolic ankle: 
brachial pressure indices ( ABPIs ) before and after exercise and a duplex 
scan (Diasonics DRF 400 7-5-MHz probe: Diasonics Sonotron, 
Bedford. UK ) of the entire graft. In the last year of the study the graft 
and distal tibial vessels were also insonated with a colour-coded duplex 
scanner (Diasonics Spectra). The criteria for requesting conventional 
arteriography were a clinical deterioration, a serial fall in resting ABPI 
>0-10. a positive exercise test ABPI fall >0-10 or a segmental duplex 
peak velocity ratio > 3 (corresponding approximately toa > 70 per cent 
reduction in cross-sectional area). All stenoses detected by 
arteriography were treated in the first instance by PTA. 
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salvage of one graft on the first day after operation by percutaneous 
aspiration of distal graft thrombus. Interventional radiology has a crucial 
role to play in the maintenance of infrainguinal vein graft patency; 
provided that graft stenoses are detected early in their development by 
aggressive graft surveillance, PTA is a highly effective treatment. 


Radiological techniques 

All procedures were carried out by a single consultant radiologist 
(A.B.}. Diagnostic conventional arteriography was performed using a 
Seldinger technique via the contralateral groin. Therapeutic mter- 
ventions were approached via the contralateral groin for lesions in the 
proximal third of a graft and via the ipsilateral groin for those in the 
distal two-thirds. Exceptions to this generalization were dictated by 
previous surgery and scarring. PTA of graft stenoses was performed 
antegradely using hydrophilic angled guidewires (Radiofocus; Terumo, 
Tokyo, Japan) with balloon catheters (Stellar 535; PSG, Mountain 
View, California, USA or Medi-tech Ultra-thin; Med-tech, Watertown, 
Massachusetts, USA} of the same diameter as the graft on the 
radiograph, allowing for a 15 per cent magnification. Dilators were 
not used. Stenoses were dilated with inflation pressures of up to 12 
atmospheres for 30 s, repeated up to a total of three times as necessary. 
Patients received 150 mg oral aspirin immediately before angioplasty 
and a single intravenous bolus of heparin (5000 units} during the 
procedure. Aspirin was continued for 3 months after angioplasty. To 
minimize vessel spasm all patients received 125 mg intravenous 
tolazoline at the start and conclusion of the procedure, Intra-arterial 
glyceryl trinitrate (100-ag bolus repeated up to three times) was used 
to treat established vein graft or distal vessel spasm. 

Inflow vessels were dilated using the techniques described above 
whereas distal run-off vessels underwent angioplasty using low-profile 
3-mm balloons (Schneider Match-35; Schneider, Buelach, Switzerland}. 
Thrombolysis was performed using a 5-Fr catheter (Softip: 
Schneider~Shiley, Minneapolis. Minnesota, USA) that was advanced 
through the thrombus and lodged distally, streptokinase then being 
infused at a rate of 5000 units/h and heparin intravenously at 500 
units /h. The catheter was slowly withdrawn (1 cm every 15 min) and 
arteriography repeated at intervals of 4 h. Free thrombus was aspirated 
using a 5-Fr non-tapered curved-tip catheter (Radiofocus; Terumo} 
passed through an introducer sheath, Thrombolytic therapy was 
terminated when antegrade flow was established in the graft. 

Embolization of persistent arteriovenous fistulas was performed via 
an introducer sheath in the ipsilateral groin using a 5-Fr curved-tip 
non-tapered catheter and 3-mm diameter i-em long stainless steel 
spring coils (W. Cook, Bjæverskov, Denmark ). 


Data analysis 

Graft patency was assessed as recommended by Rutherford’. Primary 
patency was defined as uninterrupted patency with no procedures 
performed on the graft or its anastomoses. Assisted primary patency 
was defined as uninterrupted patency but allowed procedures to be 
performed on a patent bypass to prevent its eventual thrombosis. 
Secondary patency required that flow was restored through most of 
the original graft including at least one of its original anastomoses, 
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Actuarial patency curves were computed (Systat package: Systat, 
London, UK) using the Kaplan- Meier” method and compared with 
the Mantel-Haenszel log rank test®. Discrete variables were analysed 
by the z7 test with Yates’ correction. 


Results 


A total of 112 infrainguinal vein grafts were performed on 106 
patients during the 44-month study period. Patient and graft 
details are shown in Table 1. The median systolic ABPI in the 
38 non-diabetic patients with rest pain or gangrene was 0:32 
(range 0:00-0:74). Seventy-nine grafts (71 per cent) were in 
situ, 33 (29 per cent) were reversed; cumulative graft patency 
rates are shown in Figure 1. Of the grafts, 23 (20 per cent) had 
irreversibly occluded by 1 month and the primary, primary 
assisted and secondary patency rates at 42 months were 40, 65 
and 69 per cent respectively. Five grafts occluded after 1 month 
(Table 2); in addition to the stenoses in two of the grafts that 
occluded, an additional 31 stenoses were revealed by graft 
surveillance. In total, therefore, 33 stenoses developed in 30 
grafts (three grafts developed two stenoses at different sites) 
(Table 3). A total of eight stenoses were symptomatic (five 
claudicants, one gangrenous toe and two graft occlusions ). It 
can be seen that 58 per cent of stenoses were detected and 
treated within the first 6 months after operation. The mean 
time from operation to treatment of stenosis was 7 (range 1-36) 
months. The majority of stenoses were located in the distal 
third of the grafts, half of these at the distal anastomosis 
(Figures 2 and 3); 94 per cent of stenoses were <2 cm in length 
(Figure 4). 


Table 1 Details of 112 infrainguinal vein grafts performed on 106 
patients 





Median (range) age (years) 


Sex ratio (M:F) 68:38 
Indication* 
Claudication 15 (13) 
Rest pain 38 (34) 
Tissue necrosis 59 (53) 
Graft type* 
dn situ 79 (71) 
Reversed 33 (29) 
Graft position* 
Above-knee popliteal 6 (5) 
Reversed 6 (100) 
Below-knee popliteal 30 (27) 
Reversed & (27) 
Infrapopliteal (distal) 76 (68) 
Reversed 19 (25) 





*Values in parentheses are percentages 


Table 2 Details of the fire grafis that occluded after 1 month 





Cumulative patency rate (3) 


0136 9 12 18 24 30 36 42 
Time after operation (months) 


No. at risk 


Secondary 1128579 76 72 61 53 36 23 10 
Primary assisted 1128579 76 70 60 51 35 25 10 
Primary 14285 76 62 52 39 31 19 16 8 


Figure 1 Cumulative primary (----), primary assisted (-—) and 
secondary (~~) graft patency rates. The s.e.m, is <10 per cent at all 
rime points for the three curves. P = 0-001 (primary versus primary 
assisted, log rank test) 


Table 3 Details of the 33 graft stenoses that developed in 30 grafts 





Time of detection after operation (months) 


<6 19 (58) 

6-12 10 (30) 

>12 4(12) 
Site 


Proximal anastomosis 21 
Proximal third 6) 
Middle third 7 (21) 
Distal third 9 
Distal anastomosis 9 
Graft type* 


Reversed 8 of 33 (24) 

in situ 22 of 79 (28) 
Graft positiont 

Above-knee popliteal 2 of 6 (33) 

Below-knee popliteal 8 of 30 (27) 

Infrapopliteal 20 of 76 (26) 
Length (cm} 

<2 31 (94) 

22 246) 





Values in parentheses are percentages. *7?7 = 015, 1 df. P =075 
(reversed rersus in situ): +77 = 0-001, 1 df. P = 098 (below-knee 
popliteal rersus infrapopliteal) 





Time after 





Patient Operation 
no. {months} Reason for occlusion Treatment Outcome 
l 4 Graft stenosis Thrombolysis and PTA Patent 
Failed to attend for surveillance Needed surgical revision 
2 4 Surveillance showed no run-off vessels None Occluded 
Rest pain 
Simple analgesia 
3 10 Unknown None Occluded 
Failed to attend for surveillance Rest pain 
Simple analgesia 
4 14 Hypotension during myocardial infarction None Occluded 
No rest pain 
5 16 Surveillance showed stenosis Thrombolysis and PTA Patent 


Occlusion occurred while awaiting PTA 


Needed surgical revision 





PTA, percutaneous transluminal angioplasty 
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Figure 2 Distal graft stenosis (arrow) a before and b after percutaneous tra 
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Figure 3 Distal anastomotic stenosis (arrow) a before and b after percutaneous tra 
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Figure 4 Short stricture (arrow) in the proximal third of a graft a before and b after percutar is tra 
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Angioplasty of graft stenoses 

The results of graft stenosis angioplasty are shown in Figure 5. 
It can be seen that 23 of 33 stenoses (70 per cent) were 
successfully treated by a single dilatation. In all of these grafts 
the previously abnormal flow at the stenosis site returned to 
normal after angioplasty (no turbulence on duplex scan). Five 
grafts (15 per cent) required two PTA procedures; the second 
angioplasties were performed at 6, 10, 12, 13 and 16 months 
after the first dilatation. One graft underwent four angioplasties 
of the same stenosis that recurred at 2, 6 and 22 months because 
the patient was unfit for revisional surgery. Four stenoses were 
treated by revisional surgery; two were in patients who 
presented with graft occlusion (numbers | and 5 in Table 2) 


Single PTA (n= 23) Patent 
Two PTAs (n= 5) ———Patent 
Stenosis (n= 33) 
Four PTAs (n= 1) Patent 
PTA (n= 4) ——. Revisianal 
surger 


Treatment of the 33 


Figure 5 
franshaminal angioplasty 


graft stenoses 


and these cases are discussed below. The indication for surgery 
in the other two patients was an unsatisfactory result after a 
second angioplasty of a distal stenosis. 

The median follow-up for the 29 stenoses treated by PTA 
alone was 19 (range 1-40) months. Twelve of the 29 stenoses 
(41 per cent) had not recurred after at least 2 years’ follow-up 
The only complication from angioplasty of a graft stenosis was 
a distal embolization in one patient that required surgical 
embolectomy 


Thrombolysis of occluded grafts 


Two of the grafts that occluded after 1 month were salvaged 
by thrombolysis (Table 2). In patient 1, thrombolysis of the 
graft revealed a distal stenosis that was partially treated by 
PTA. Within 2h, however, the graft flow had reduced again 
and the distal 10cm of the graft was therefore replaced. In 
patient 5, a distal had been detected by graft 
surveillance and angioplasty was arranged for 48h later. 
Unfortunately, the graft occluded during this 48h and was 
salvaged by thrombolysis and a partially successful PTA; 24 h 
later graft flow had reduced and the distal 8 cm of the graft 
was therefore surgically replaced 


stenosis 


Ingioplasty of inflow and outflow vessels 


One patient underwent PTA of an external iliac stenosis 7 days 
alter operation 


This stenosis was thought to be insignificant 





a Tight stenosis (arrow) in the posterior tibial artery d 


Figure 6 


angioplasty 


Figure 7 


irteriogram a on the first day after operation showing a 


190 





ovenous fistulas: b after successful 


successful dilatation by percutaneous transiumina 
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Figure8 = Arteriograma after embolization of arteriovenous fistula showing the distal anastomosis occluded by thrombus: b after suci ful aspira 








Figure9 a Occluded posterior tibial artery (arrow); b the thrombus was successfully aspirated and percutaneous transluminal angioplast 


tibial artery stenosis performed 


on preoperative arteriography; after PTA, however, the graft 
flow markedly improved. Five patients had distal calf vessels 
subjected to angioplasty, three in conjunction with PTA of a 
graft stenosis and two as the sole procedure (Figure 6). 


Embolization of arteriovenous fistulas and thrombus aspiration 


One patient was noted to have two patent arteriovenous fistulas 
at the time of PTA of a graft stenosis 3 months after operation; 
these fistulas were embolized without complication. A second 
patient with a femoroposterior tibial graft was noted on duplex 
examination on the first day after operation to have patent 
arteriovenous fistulas. Urgent arteriography confirmed four 
fistulas, which were embolized (Figure 7). The same arterio- 
gram showed that the posterior tibial artery was occluded by 
thrombus at the level of the distal anastomosis: this thrombus 
was successfully aspirated (Figure 8). Some 16 days later it was 
noted that the ankle Doppler ultrasonography signal from the 
posterior tibial artery was damped and arteriography showed 
that this vessel was occluded below the distal anastomosis; 
further thrombus was aspirated and a stenosis of the posterior 
tibial artery treated by angioplasty (Figure 9). The graft was 
patent at review 6 months later. 
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Discussion 


The impact of interventional radiology on infrainguinal vein 
graft patency can be seen by comparing the cumulative primar) 
rate (40 per cent) and primary assisted patency rate 
(65 per cent ) at 42 months. This difference, which is statistically 
significant (P = 0-001), arises solely fram the early detection 
and correction of graft stenoses by PTA. In addition 
interventional radiology contributed to the difference between 
primary assisted and secondary patency rates (the latter 
69 per cent) at 42 months through thrombolysis of two graft 
occlusions before surgery 

It is important to question whether all the graft stenosis 
angioplasties were necessary and whether all the asymptomatic 
stenoses would have progressed to graft occlusion. The only 
certain way to answer this would be to randomize 
asymptomatic stenoses to PTA or simple observation 
However, in view of the literature describing the natural history 
*, the authors’ experience and other reports of 
graft occlusion occurring during the period between detection 


of stenosis!” 
of an asymptomatic stenosis and treatment'**'*, such a trial 


seems unethical. It is interesting to note, however, that before 
introduction of the present graft surveillance programme the 
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primary patency rate at 42 months for infrainguinal vein grafts 
was 42 per cent’, close to the present figure of 40 per cent. This 
strongly suggests that the majority of stenoses treated by PTA 
in the present study would have progressed to occlusion if left 
untreated. 

Although there is a growing consensus that the early 
detection of asymptomatic infrainguinal vein graft stenosis by 
graft surveillance is worthwhile*'°''*, there is disagreement 
whether stenoses are best treated by PTA'* !® or surgical 
revision?®-?5, Berkowitz et al.'® recently reported that 
57 per cent of stenoses could be treated by a single PTA 
procedure (compared with the present figure of 70 per cent) 
and recommended ‘balloon angioplasty as primary therapy for 
vein graft stenoses’. However, Whittemore er al.™* concluded 
that ‘balloon angioplasty for vein graft stenosis had significant 
limitations in providing sustained secondary patency’. Although 
Bandyk et al.?* preferred surgical revision to PTA, they treated 
only five of 78 graft stenoses by angioplasty and did not formally 
compare the two techniques. 

At first sight these disparate results are difficult’ to 
understand. Certainly there is no reason to think that the 
fundamental pathological lesion is different between centres; 
although Berkowitz er al.'® reported solely on the results of 
treating stenoses in reversed grafts by PTA while others have 
treated stenoses in reversed and in situ grafts by angio- 
plasty'®'*?5°25_ the incidence of stenoses and the basic 
pathology is similar in the two graft types*®. Similarly, the sites 
of stenosis and the angioplasty techniques used to treat them 
do not differ greatly between centres. It has been suggested that 
the length of stenosis may be important, with longer stenoses 
(>1cm (Reference 27), >1-5cm (Reference 28), >2cm 
(Reference 29)) responding poorly to PTA. Although 
Berkowitz er al.' and Whittemore and colleagues** did not 
find that stenosis length affected outcome, it should be noted 
that the former group elected to treat all long stenoses (> 5 cm) 
surgically, which may have reduced the significance of stenosis 
length on outcome after angioplasty. In the latter series, only 
18 of 54 stenosis angioplasties were for single lesions in a graft**. 
The remainder were multiple graft lesions and so for any one 
graft occlusion it is not possible to know whether long or short 
stenoses led to occlusion. 

That the majority of the present graft stenoses (94 per cent) 
were <2cm long may have contributed to the good results 
from PTA. An important similarity between groups reporting 
good results from PTA'® '°?* is that they tend to have an 
aggressive approach to graft surveillance and angioplasty of 
detected stenoses. This approach may lead to the detection and 
treatment of stenoses early in their development, perhaps before 
they become resistant to PTA. This hypothesis is consistent 
with short stenoses representing early lesions because it has 
been shown experimentally*® that low flow predisposes to 
intimal hyperplasia and so a short localized stenosis might be 
expected to propagate distally with time as a result of turbulent 
low flow beyond it. 

The potential importance of an aggressive approach to graft 
surveillance is illustrated by a comparison of the present policy 
with that of Whittemore er al.. The authors regularly screen 
all infrainguinal vein grafts using as criteria a serial resting or 
postexercise ABPI drop > 0:10 and, or a segmental duplex peak 
velocity ratio > 3. The high sensitivity (100 per cent) of a serial 
resting ABPI drop >0:10 has recently been confirmed by Stierli 
et al.?'. As a consequence of this policy only 24 per cent of 
stenoses were symptomatic at the time of PTA; the mean time 
after operation to angioplasty was 7 months and only 6 per cent 
of stenoses presented as occlusions. By comparison, all the 
patients reported by Whittemore er a/.?* were symptomatic. 
the mean time to PTA was I8 months and 20 per cent of 
stenoses presented as occlusions. Further support for the 
hypothesis that an aggressive graft surveillance policy results 
in lesions being treated early in their development comes from 
the observation that all of the present technically successful 
angioplasties had < 10 per cent residual stenosis on post-PTA 
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arteriography whereas Whittemore et al.?* reported a mean 
residual stenosis rate of 22 per cent. 

Only one patient has required PTA of a graft inflow artery; 
this is because the majority of significant inflow disease is treated 
by angioplasty during the initial preoperative arteriography. 
Five patients, however, have required PTA of distal calf vessels. 
The number of patients requiring distal PTA might be expected 
to increase with longer follow-up, and colour-coded duplex 
scanning may prove particularly advantageous in the 
non-invasive assessment of distal calf vessel disease. 

The role of thrombolytic therapy for occluded infrainguinal 
vein grafts has been the source of debate*?**. Although the 
authors’ experience of the technique is too limited to draw any 
firm conclusions of the benefits, the theoretical advantages seem 
attractive**. These include the demonstration of intrinsic graft 
lesions by arteriography before surgery or PTA, lysis of 
thrombus in the distal run-off vessels and avoidance of 
mechanically induced balloon-catheter trauma. It is agreed with 
Seabrook er a/.** that graft thrombolysis can be expected to 
produce good results only if run-off vessel defects revealed by 
clot lysis are corrected promptly. 

Persistent arteriovenous fistulas are unique to in situ grafts 
and may be asymptomatic, cause persistent oedema or result 
in ischaemia and even distal graft thrombosis**. They can be 
either ligated under local anaesthesia*® or embolized with a 
detachable balloon?” or coil**. Both affected patients were 
treated by embolization because they required arteriography 
for other reasons. The second patient provided a salutary 
experience because it was apparent that the fistulas were keeping 
the proximal graft patent in the face of a distal occlusive lesion. 
Before fistula ligation the patency of the distal vasculature 
should therefore be confirmed by non-invasive techniques. 

In conclusion, interventional radiology has a crucial role to 
play in the maintenance of infrainguinal vein graft patency. 
PTA is a highly effective treatment for vein graft stenoses 
provided they are detected early in their development by 
aggressive surveillance. Finally, the authors agree with Veith 
et al.'® that detected stenoses should be treated as a matter of 
urgency. 
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Early results and 1-year follow-up 
after intra-arterial thrombolysis 


Intra-arterial thrombolysis (IAT) was used as first-line treatment for 
100 occlusions causing acute, subacute or chronic ischaemia. 
Streptokinase was used in 90 cases and tissue plasminogen activator in 
the remaining ten. Complete lysis, as determined radiologically, was 
achieved in 55 per cent of cases and partial lysis in 20 per cent. Lysis 
was more effective the earlier it was used. Major complications occurred 
in seven cases: five patients suffered major haemorrhage, two of whom 
died, and two had haemorrhagic cerebrovascular accidents. Of the 
patients with complete or partial clearance of thrombosis, 19 had no 
underlying apparent cause, 23 underwent angioplasty and 15 had an 
operation. The I-year patency rate following complete lysis was 
58 per cent. The 1-year patency rate after successful treatment 
commencing within | week of symptoms starting was 71 per cent, 
compared with 36 per cent for later treatment. Aortofemoral bifurcation 
grafts were cleared in three of five cases and all remain patent. Eight 
popliteal aneurysms were demonstrated by IAT and were ligated and 
bypassed; all these grafts remained patent at follow-up. IAT is less 
effective in chronic than acute occlusion. It should be reserved for 
patients in whom the occlusion is of short duration or for those with a 


Mr R. B. Galland 


The role of intra-arterial thrombolysis (FAT) in the treatment 
of acute and chronic arterial occlusion remains unclear. Recent 
surveys of the practice of vascular surgeons in the UK confirmed 
that few centres had wide experience of the technique, the main 
reasons for which were lack of radiological support, doubts 
about efficacy, and insufficient ward staff’. Despite this, 
50 per cent of surgeons had tried thrombolysis?, although most 
had experience of only a few cases per year. 

Successful clearance of acute embolus and thrombosis occurs 
in 50—90 per cent of cases*-* and, even with occlusion of longer 
duration, reasonable results have been reported. Hess and 
colleagues* and Lammer et al. found IAT useful in thrombus 
of up to 6 months’ duration, but the results worsened after this 
time. More recent reports have suggested that any non- 
organized thrombus may be lysed’. The reported complications 
of this type of treatment have recently been reviewed®. Major 
haemorrhage occurs in 5 per cent of cases, stroke in | per cent 
and minor haemorrhage and catheter-related problems in 
approximately 15 per cent. 

This paper describes the early and 1-year results achieved 
in this unit with IAT. An attempt is made to define patients 
for whom the technique is appropriate and those for whom 
other forms of treatment may be better. 


Patients and methods 


IAT was carried out using a continuous infusion of lysing agent through 
a 5—7-Fr catheter. Access was generally through the ipsilateral femoral 
artery for distal occlusion, the contralateral femoral artery for common 
femoral or distal iliac occlusion, and the axillary artery for suprainguinal 
occlusion. Streptokinase (10000 units/h for the first 20 patients and 
subsequently 5000 units/h) and 05 mg/h recombinant human 
tissue-type plasminogen activator {rtPA; Boehringer Ingelheim, 
Bracknell, UK) were the agents used. Streptokinase was employed on 
90 occasions and rtPA on ten. The latter was used only if the patient 
had received streptokinase within the previous 6 months. Angiography 
was performed through the cannula at intervals of 8-12h. 
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thrombosed aortofemoral bifurcation graft or popliteal aneurysm. 


Manipulation of the catheter was carried out if necessary to maintain 
its position within the thrombus or embolus. Infusion was stopped if 
there was no progression of lysis over a 12-h period, if lysis was 
complete, or if a major complication occurred. Contraindications to 
IAT included dyspepsia, known haemorrhagic problems, recent 
operation, or history of cerebrovascular accident or transient ischaemic 
attack within 6 months. 

Between November 1988 and April 1991, IAT was considered on 
108 occasions for 100 patients. Eight patients did not receive the 
thrombolytic agent. In four of these the catheter could not be sited 
correctly. In one of the remainder, angioplasty was performed after 
assessment. One more died before treatment could start and one had 
a cerebrovascular accident during initial angiography. The final patient 
experienced severe abdominal pain while the catheter was being 
manipulated through the aorta; the procedure was abandoned and at 
laparotomy an infarcted caecum was resected. The patient died from 
renal and respiratory failure 3 days later. Four patients underwent lysis 
on two separate occasions; four others had [AT performed on separate 
lesions simultaneously. Three of these patients have been described 
previously’. Some 92 patients therefore underwent 100 episodes of LAT. 
The median age was 68 (range 42-89) years and the male:female ratio 
S213 

There were 80 thromboses (eight popliteal aneurysms, 16 grafts, 56 
native arteries), producing rest pain in 48 and incapacitating 
intermittent claudication in 32. There were 11 cases of thrombosis or 
emboli following angioplasty. Nine other cases were caused by emboli 
from a cardiac source, the latter being confirmed by echocardiography. 
None of these patients had a neurological deficit at the time of 
treatment. The site of occlusion was generally below the inguinal 


Table 1 Site of 100 arterial occlusions treated with thrombolysis 





Brachial 5 
Aortic 1 
Tliac 4 
Femoral 50 
Popliteal 19 
Distal 5 
Grafts 

Aortofemoral 5 

Infrainguinal 11 
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ligament (Table 1). Following successful lysis, patients were assessed 
at intervals of 3 months. Patency was determined by clinical assessment 
and Doppler ultrasonography, confirmed by angiography as 
appropriate. Assessment of the long-term results was by Cutler- Ederer 
life-table survival curves with Mantel—Haenzel statistical analysis. 


Results 


IAT was started on 100 occasions and lysis achieved on 75. 
Radiological clearance was complete in 55 cases and partial in 
20. Thrombolysis was more likely to be successful the earlier 
it was used (Figure 1). This applied particularly to complete 
clearance, which was obtained in 66, 50 and 35 per cent of 
cases if treatment was started during the first week, 1-4 weeks 
and >4 weeks after the development of symptoms respectively 
(x? = 5:5, 1 d.f., P < 0-02), 

As might be expected, the best results were obtained with 
embolus. Successful lysis was achieved in all nine cases, patency 
being maintained at the time of follow-up. There was no 
significant difference in achieving complete radiological 
clearance between patients presenting with claudication and 
those with rest pain (47 versus 54 per cent respectively ). No 
further treatment was required in the nine patients with acute 
embolus and in nine of those with embolus or thrombosis 
following angioplasty. Of the remainder, no treatable cause for 
the thrombosis was found in 19, angioplasty was performed in 
23 and an operation in 15. On subsequent analysis there was 
no significant difference in the later results of these three groups. 

Complications occurred in 36 patients; the majority were 
clinically insignificant (Table 2). Haemorrhage was defined as 
major if >2 units blood were transfused or if the systolic blood 
pressure dropped below 100 mmHg. Major haemorrhage 
occurred in five patients. In one, bleeding stopped on 
discontinuing thrombolysis, but four required surgical 
intervention to stop bleeding from the perfusing catheter 
puncture site. Two of these patients subsequently died. Two 
patients suffered stroke attributable to IAT; computed 
tomography confirmed both strokes to be haemorrhagic. One 
of these patients died. Minor haemorrhage in the form of wound 
haematoma or gastrointestinal bleeding was treated conserva- 
tively without further problems. Of the nine patients requiring 
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Figure 1 Early results of thrombolysis. W, Complete clearance; 
©. partial clearance 


Table 2 Complications of thrombolysis 


Fatal © Non-fatal Total. 





Major 
Bleeding 2 
Stroke l 
Minor 
Bleeding — 
Allergic reattion to streptokinase — 
Catheter breakage — 
Catheter kink — 
Catheter sepsis — 
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Cumulative patency rate (%) 








Time after operation (months) 


No. at risk 
<1 week 31 26 23 18 11 
>1 week 18 12 7 4 2 


Figure 2. Long-term patency rates in patients treated within 1 week of 
symptoms starting (—) and those treated >1 week after symptoms 
starting (---) Bars are 2 s.d. 


cannulation of the axillary artery, extensive bruising of the arm 
occurred in three. 

Thirteen patients died. Three deaths were attributable to 
TAT (one from cerebrovascular accident, two from bleeding). 
All these patients suffered from rest pain. The remaining deaths 
were from cardiopulmonary causes. Major amputation was 
performed in ten patients, all of whom had presented with rest 
pain. In eight, lysis had failed and only two were treated within 
1 week of onset of symptoms. 

Complete clearance resulted in a I-year patency rate of 
71 per cent in patients having thrombosis treated within 1 week 
of symptoms starting. By contrast, the 1-year patency rate was 
only 36 per cent for patients with symptoms of longer duration 
{P <0-01) (Figure 2). When combined with the higher early 
clearance rate, this means that 50 per cent of all occlusions 
originally treated acutely remained patent at 1 year, compared 
with only 15 per cent of those treated later. 

When only partial radiological lysis was achieved, the 
long-term results were poor as most vessels rethrombosed early. 
In those partially cleared within the first week of symptoms, 
four of ten remain patent, at 3, 5, 11 and 29 months. However, 
in patients with longer duration of symptoms, all treated vessels 
rethrombosed by 4 months. Despite this, half of the patients 
were symptomatically improved, presumably because of 
clearance of collateral vessels. Only three patients in this group 
left hospital completely without symptoms. Although the 
patency rate was higher in patients with good run-off, this 
difference was not statistically significant. 

‘Following rethrombosis of a completely lysed occlusion a 
wide spectrum of treatment was employed, including 
angioplasty (two cases), angioplasty and operation (one), 
operation (five), conservative treatment (three), and sympath- 
ectomy (one). Repeat thrombolysis was performed in four cases, 
of which three were successful with no additional treatment; 
the other required operation. 

The brachial occlusions were all caused by emboli. In four 
the catheter was sited successfully and complete clearance 
achieved. The main problem with treating these lesions by lysis 
has been satisfactory placement of the catheter, the latter being 
inserted through a femoral artery approach’®. 

Of the 16 thrombosed grafts treated, successful lysis was 
achieved in ten!!. 

Certain patients with longstanding symptoms seem to have 
a more favourable outcome, including those with aortofemoral 
bypass graft thrombosis’ or popliteal aneurysm'?. Three of 
five thrombosed aortofemoral grafts were cleared and remain 
patent nearly 1 year later. Eight thrombosed popliteal 
aneurysms were treated; seven were completely cleared with 
good run-off and the other partially cleared. All grafts remain 
patent after ligation and bypass of the aneurysm. 
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Discussion 
Patients presenting with acute limb ischaemia are now more 
likely to have a thrombotic occlusion of pre-existing arterial 
disease than an embolus!?. The rate of limb loss is greater with 
. thrombotic than embolic occlusion, but the mortality rate is 
higher with the latter'*. IAT has the advantage over catheter 
embolectomy or thrombectomy that underlying disease can be 
identified and treated once the vessels are cleared. More of the 
run-off and collateral circulation may also be cleared. IAT may 
also produce less intimal damage than catheter embolectomy. 
This should result in improved mortality and amputation 
rates! 5-16, 

IAT is effective in clearing both native arteries and grafts. 
Though the early results are similar, patency is better 
maintained with the former!?. Grafts above the inguinal 
ligament are more likely to be successfully cleared than those 
below it!'. IAT is clearly more effective if used earlier rather 
than later. Nevertheless, successful lysis has been demonstrated® 
in thrombosis that has been present for up to 9 months and 
beyond, although with decreasing success*. In this unit the 
authors'? have successfully cleared popliteal aneurysms that 
have been occluded for up to 2 years. 

IAT has recently been shown to produce results better than 
operation, both in the management of acute thrombosis without 
neurological deficit'* and in acute graft occlusion'®. Successful 
treatment, both early and late, is dependent on treatment of 
underlying stenosis'®, the adequacy of run-off?°, and the length 
of the original occlusion'>. The present study confirms that 
complete or partial radiological clearance can be achieved in 
up to 75 per cent of cases, depending on the duration of 
occlusion. The importance of the age of the occlusion has been 
emphasized by others. For example, in a series of thrombotic 
occlusions, 73 per cent of those under 6 months old were cleared 
compared with only 50 per cent of those of longer duration; 
lysis of embolus was more successful than that of thrombosis!®. 
Rethrombosis within the first few weeks of successful lysis is 
common, and may occur in up to one-quarter of cases'®. Some 
of these can be successfully treated again by lysis. Early 
rethrombosis is particularly common in patients with only 
partial radiological clearance; this is especially so if the 
occlusion is of long duration. It is possible that anticoagulation 
may be of benefit in these cases if no treatable underlying cause 
for the thrombosis is found. 

This study has shown that 50 per cent of all acute occlusions 
treated remain patent at 1 year. However, in patients treated 
after > 1 week of commencement of symptoms, patency is not 
maintained, making IAT a treatment of high risk with limited 
benefit. Interestingly, the main reason for the difference at 
1 year is the rethrombosis rate within the first few weeks of 
successful lysis. Only about 10 per cent of the acutely occluded 
arteries rethrombose during this time compared with 50 per cent 
of those occluded for a longer period. 

TAT for peripheral arterial occlusion is more effective than 
administration of either streptokinase?! or rtPA?? intra- 
venously. The best lytic agent has yet to be established, although 
rtPA has the theoretical advantage, being fibrin-specific, of 
fewer systemic haematological effects. There is some evidence 
that rtPA may be better than streptokinase in peripheral arterial 
lysis??; it certainly acts more quickly?>. However, the systemic 
use of rtPA for coronary artery occlusion appears to be 
associated with more complications than that of streptokinase”*. 
The limited experience with rtPA in this series is too small to 
draw any definite conclusions with regard to either speed of 
action or safety. Larger studies are needed. 

Radiological assessment (as complete or partial lysis) allied 
with clinical improvement is a useful means of assessing results. 
However, it is appreciated that in comparing one series with 
another a uniform means of assessment is essential. The type 
of evaluation described by the Nottingham group would appear 
particularly useful in this context?*. 

Further refinements of IAT continue. Multiple-hole 
catheters, small catheters, ‘vibration’ techniques, mechanical 
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thrombolysis and pulsed-spray thrombolysis have all been 
described’?°. Complication rates are likely to fall as shorter 
times to lysis are obtained with these techniques. 

In conclusion, IAT should now be considered as a first-line 
treatment for acute thrombosis and embolism without 
neurological deficit. However, for longstanding occlusion the 
risks outweigh the benefits. Until more rapid lysis techniques 
are developed, IAT in such circumstances should be restricted 
to those in whom a good result can be predicted, namely 
patients with a thrombosed popliteal aneurysm or aortofemoral 
bifurcation graft. 
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Effect of foot compression on the 
velocity and volume of blood flow 
in the deep veins 


The A-V Impulse System reduces the incidence of deep vein thrombosis 
by pneumatically compressing the venae comitantes of the lateral plantar 
artery, causing an increase in the velocity of blood in the proximal axial 
veins. Using a duplex scanner the effects of altering the pressure, pulse 
duration and frequency of foot compression on the velocity and volume 
of blood flow in the superficial femoral and popliteal veins were 
quantified. In 20 legs, foot compression of 50, 125 and 200 mmHg 
significantly increased the maximum venous blood flow by 9-0, 13-4 and 
15-1 ml/s respectively (P < 0-001). Conversely, reducing the frequency 
of compression from 6 to 3 cycles per min significantly increased the 
rise in peak flow from 10-1 to 14-8 ml/s (P < 0-001). Changing the 
duration of compression from 1 to 3 s had no significant effect on peak 
flow. Increased blood flow is best achieved with high-pressure 
low-frequency foot compression. Increasing the duration of compression 


Mr B. Andrews 


Gardner and Fox'-? have described how compression of the 
venae comitantes of the lateral plantar artery during walking 
may act as a prime to the calf pump mechanism and so increase 
its efficiency. The purpose of the present study was to assess 
the effect of foot compression, when supine, on the velocity and 
volume of blood flowing in the popliteal and superficial femoral 
veins. 


. Methods 


The.subjects were five men and five women aged between 20 and 35 
years. All were fit and healthy without symptoms or signs of venous 
disease. A total of 20 limbs were studied. 

The foot was compressed with the A-V Impulse System 
(Novamedix, Andover. UK ) shown in Figure 1. The device consists of 
an inflatable plastic pad, placed around the foot, which is connected 
to a pneumatic compressor and covered by a specially made inelastic 
slipper. The slipper directs the force produced when the pad is inflated 
inwards, squeezing the blood from the veins of the foot into the calf, 
thereby increasing the velocity of blood flow in the deep veins. The 
compressor delivers a square wave impulse of variable pressure, 
duration and frequency. The pressures, durations and frequencies 
studied were 50. 125 and 200 mmHg, | and 3 s, and 3 and 6 cycles per 
min respectively. 

After the system had been applied to the foot, the subject lay supine 
on a couch for 5min in a 10° foot-down position. Resting blood 
velocities (between inflations of the foot pad) and peak blood velocities 
(during foot pad inflation) in the popliteal and superficial femoral veins 
were measured for each combination of pressure, pulse duration and 
frequency of compression. The diameter of these vessels was also 
recorded. All measurements were made using an Acuson 128 (Acuson, 
Mountain View, California, USA) duplex scanner. The mean of four 
consecutive measurements of resting and peak velocity for each 
combination was used to calculate the change of venous flow in the 
following manner: 


Increase in velocity = peak velocity — resting velocity 
Maximum increase in flow = cross-sectional area of vein 
x increase in velocity 


Measurements of blood velocity and vein diameter made on one leg 
by one observer (B.A.) were compared with the same measurements 
taken in the opposite leg by another (K.S.); a good correlation was 
found between the measurements of each. Since the values of the 
increase in blood flow were found to be normally distributed, Student’s 
t test, paired or unpaired as appropriate, was used for statistical 
analysis. 
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beyond I s has no effect on augmentation of flow in the deep veins. 





Figure | The A-V Impulse System connected to the subject’s foot. The 
inflatable pad is covered by an inelastic slipper 


Results 


Effect of foot compression on maximum blood velocity 


Initially, the effect of foot compression on the maximum velocity 
of venous blood in the popliteal and superficial femoral veins 
was investigated. There was a significant difference in the 
maximum velocity achieved, in both men and women, between 
pressures of 50 and 125 mmHg and between pressures of 125 
and 200 mmHg in both the superficial femoral and popliteal 
veins (P < 0-001). However, for a given pressure, the maximum 
velocity recorded in the popliteal vein was always greater than 
that in the superficial femoral vein. No significant difference 
was found in the maximum velocities of venous blood flow 
between men and women when similar pressures were used. 

In the popliteal vein, for a compression of 50 mmHg the 
maximum velocity in men was 31-4cm/s and in women 
27-6 cm/s (P <045). For a compression of 125 mmHg the 
maximum velocity in men was 48-2cm/s and in women 
41-4 cm/s (P < 0-35). At 200 mmHg this velocity was 53-5 cm/s 
in men and 47-9 cm/s in women (P < 0-46). These findings and 
the results of blood velocity measured in the superficial femoral 
vein are summarized in Table 1. 
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Foot compression and deep vein blood flow: B. Andrews et al. 


Table 1 Effect of foot compression on the maximum velocity of blood in the superficial femoral and popliteal veins in men and women 


Pressure (mmHg) 























50 125 200 
M F M F M F 
Superficial femoral vein 21-3(8-2) 18:3(8-1) 32:3(12-5) 28-0(12-1) 38-5(13-3) 33-3(13-1) 
Popliteal vein 31-4(10-6) 27-6(11°3) 48-2(15-5) 41-4(16-4) 53-5(15-9) 47-9(17°3) 


Values are mean(s.d.) expressed in cm/s 


Flow (ml/s) 


a Pressure (mmHg) 


Flow (ml/s) 


50 125 200 


b Pressure (mmHg) 


Figure 2 Mean(s.d.) maximum increase in flow in a the superficial 
femoral and b the popliteal vein for all combinations of foot pressure. 
Values are for men and women combined (20 limbs) at 3 cycles per min 
(O, 1s; @, 3s) and 6 cycles per min (O. 1s; W, 35) 


Effect of foot compression on blood flow 

The maximum increase in blood flow that occurred in the 
superficial femoral veins of men and women, for all the 
combinations of foot compression applied, are shown in 
Figure 2a. It can be seen that as the pressure in the compression 
system increased (from 50 to 200 mmHg), so too did the 
maximum increase in blood flow. Increasing the frequency of 
compression from 3 to 6 cycles per min reduced the maximum 
increase in flow. Increasing the duration of compression from 
1 to 3s had little or no effect on flow. 

Similar changes were seen in the popliteal vein (Figure 2b) 
in both men and women. However, for all combinations of 
compression used, the increase in blood flow in women was 
significantly less than that in men (Figure 3). 

The results shown in Figures 2 and 3 are the mean maximum 
increases in flow for the various combinations of pressure, pulse 
duration and frequency. To determine how each of these 
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Flow (ml/s) 





a Pressure (mmHg) 


Flow (ml/s) 





b Pressure (mmHg) 


Figure 3 Effect of sex on the mean(s.d.) maximum increase in flow in 
a the superficial femoral and b the popliteal vein for compression of I-s 
duration only, there being no significant difference between compression 
lasting 1 or 3 s. Values are at 3 cycles per min for men (D) and women 
(mM) and at 6 cycles per min for men (E3) and women ( $) 


compression variables affected the maximum increase in flow 
independently of the other two, it was necessary to analyse the 
data in a different way. For example, to compare the effect of 
a pulse duration of 1 s with that of 3 s a calculation was made 
of the mean value of the maximum increase in flow produced 
by a 1-s pulse duration in all subjects, at both sites and all 
combinations of pressure and frequency of compression, and 
this value compared with the similarly calculated maximum 
increase in flow for a 3-s pulse duration-( Table 2). 


Site variation and blood flow 

There was no significant difference between the increase in 
blood flow that occurred in the popliteal and superficial femoral 
veins. The mean maximum increase in flow, for all combinations 
of pressure, pulse duration and frequency of foot compression, 
in the popliteal vein was 12-4 ml/s and in the superficial femoral 
vein 11:3 ml/s (P > 05). 
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Foot compression and deep vein blood flow: B. Andrews et al. 


Table 2 Effect of compression pressure, frequency and pulse duration 
on the maximum increase in blood flow, calculated from the pooled results 
of all limbs 








Pressure Frequency Duration 
(mmHg) (cycles per min) (s) 
50 125 200 3 6 1 3 
Flow (ml/s) 9:0 134* 151 148 {1O1t 126 12-3 





*P < 0-00! (125 versus 50 and 200 mmHg); FP < 0-001 (3 versus 6 
cycles per min); f P not significant (1 versus 3 s); Student's paired test 


Sex variation and blood flow 

There was a significant difference between the maximum 
increase in blood flow in men and women. The mean increase 
in flow in men was 14-2 ml/s, compared with 8-3 ml/s in women 
(P < 0-05). 


Variation of pressure and blood flow 

There was a significant difference between the maximum 
increase in flow caused by each of the compression pressures 
studied. The mean maximum increase in flow with a 
compression of 50 mmHg was 90 ml/s, for 125 mmHg 


13-4 ml/s and for 200 mmHg 15:1 ml/s (P < 0-001). The sex , 


differences previously noted were maintained, so that for any 
given compression men showed a significantly greater increase 
in peak flow than women. There was a linear relationship 
between the maximum flow in the axial vein and the degree of 
foot compression. 


‘Variation of pulse duration and blood flow 


No significant difference was found between the maximum 
increase in flow caused by pulse durations of ! and 3s. The 
overall mean increase in maximum flow for a [-s pulse was 
12-6 ml/s; for 3s it was 12-3 ml/s (P < 0-1). 


Variation of frequency of compression and blood flow 

The frequency of compression had a significant but inverse 
effect on blood flow for all combinations of pressure and pulse 
duration. The maximum increase in flow at 3 cycles per min 
was 14-8 ml/s, whereas a frequency of 6 cycles per min increased 
the flow by only 10-1 ml/s (P < 0-001). 


Discussion 

In this study measurement was made of the maximum increase 
in blood flow rather than the total venous flow in a l-min 
period because assessment of blood flow over a period of time 
requires repeated measurement of vein diameter, as it cannot 
be assumed that this diameter does not change when blood 
flow changes. A single measurement of blood velocity and vein 
diameter at the easily defined point of peak velocity was 
therefore made. 

Maximum blood flows were different in men and women 
for all pressures, frequencies and durations of foot compression. 
Presumably this is related to the larger size of the male foot 
and its greater content of venous blood. Significant differences 
were found between the maximum velocity and flow generated 
by pressures of 50, 125 and 200 mmHg. However, when sex 
was considered, although there was a significant difference in 
maximum blood flow between men and women, no such 
difference in maximum velocities occurred. Until it is known 
whether increasing blood velocity or flow is the more important 
in the prevention of deep vein thrombosis (DVT), it is not 
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possible to recommend different pressures of compression for 
men and women. 

Altering the duration of compression from 1 to 3s did not 
significantly affect the maximum increase in flow obtained for 
any given pressure or frequency. This is not surprising: once 
the foot has been emptied of blood, an event that takes about 
1s, no further blood can be expelled however long the 
compression lasts. Thus, for the purposes of prophylaxis of 
thrombosis, a variable duration of compression is of no value. 

Increasing the frequency of compression significantly 
diminished the maximum flow achieved. The reduction in 
maximum flow at higher rates of compression is probably 
caused by the shorter time available for refilling the plantar 
veins, resulting in a smaller volume of blood being available 
to be pumped up the leg veins with each impulse. Doubling 
the frequency from 3 to 6 cycles per min did not, however, 
halve the peak flow; it fell by only 32 per cent. Thus over a 
1-min period, 6 cycles per min would increase the flow velocity 
of a greater volume of blood than would a frequency of 3 cycles 
per min. 

The Impulse System seems to be effective in the prevention of 
DVT. Bradley et al. (unpublished data) have shown that the 
incidence of venographically proven DVT following total hip 
replacement was reduced from 27 per cent in patients who 
received subcutaneous heparin (1000 units twice daily) and 
wore antiembolism stockings to 6-6 per cent in those treated 
with the Impulse System in addition. Fordyce and Ling? also 
showed a significant reduction in venographically proven DVT 
following total hip replacement, from 40 per cent in a control 
group to 5 per cent in a group treated by foot compression. 
Wilson et al.* have also demonstrated a reduction in both the 
incidence and extent of DVT following total knee replacement, 
from 69 to 50 per cent. 

Tt may be that the compression system reduces the incidence 
of DVT by temporarily. increasing the velocity of blood within 
the axial veins, causing the venous valves to open fully so 
expelling the relatively stagnant blood from within the valve 
sinuses, since it is here that DVT is thought to originate*®. 

In this study the effects of foot compression have been 
quantified, showing how the variables of pressure, pulse 
duration and frequency affect blood flow in the axial veins. 
Only by performing a clinical trial would one be able to tell 
which of these parameters of foot compression is most 
efficacious in preventing DVT. Until such a trial is completed 
it is suggested that a compression of 250 mmHg lasting 1s, 
repeated every 10s (6 cycles per min), is appropriate. 


References 


1. Gardner AMN, Fox RH. The venous pump of the human foot ~ 
preliminary report. Bristol Medicochirurgical Journal 1983; 98: 
109-12. 

2. Fox RH, Gardner AMN. Video-phlebography in the investigation 
of venous physiology and disease. Phlebology 1985; 19: 68-70. 

3. Fordyce MJF, Ling RSM. The prevention of deep vein thrombosis 
following total hip replacement by use of the A-V Impulse System. 
J Bone Joint Surg [Br] 1992; 74-B: 45-9. 

4. Wilson N, Das S, Kakkar V et al. Thromboembolic prophylaxis 
in total knee replacement, an evaluation of the AVI foot pump. 
J Bone Joint Surg [ Br} 1992; 74-B: 50-2. 

5.  Sevitt S, Gallagher N. Venous thrombosis and pulmonary 
embolism. A clinico-pathological study in injured and burned 
patients. Br J Surg 1961; 48: 475-8. 

6. Nicolaides AN, Kakkar VV, Field ES, Fish P. Venous stasis and 
deep vein thrombosis. Br J Surg 1972; 59: 13-15. 


Paper accepted 9 September 1992 


Br. J. Surg., Vol. 80, No. 2, February 1993 


Case report 


Br. J. Surg. 1993, Vol. 80, February, 201 


Emergency aortic 
aneurysmectomy in a renal 
transplant recipient 


G. T. Stavri, R. H. Morgan and |. F. Lane 


The Cardiff Vascular Unit, University Hospital of Wales, 
Heath Park, Cardiff CF4 4XW, UK 


Correspondence to: Mr |. F. Lane 


The increasing numbers of long-term survivors following renal 
transplantation will complicate the surgical management of 
subsequent diseases. The donor renal artery may be 
anastomosed to the recipient iliac artery, and any interruption 
of proximal blood supply for reconstructive arterial surgery 
will compromise graft function. This case report describes the 
successful repair of an abdominal aortic aneurysm (AAA ) in a 
renal transplant recipient with preservation of renal blood 
supply using a temporary heparin-bonded axillofemoral shunt'. 


Case report 


A 56-year-old man presented with a l-h history of lower abdominal 
and back pain. Although having peripheral vasoconstriction he was 
haemodynamically stable with a blood pressure of 130/90 mmHg. A 
pulsatile mass in the abdomen was confirmed by computed tomography 
to be a ruptured 7:5-cm infrarenal AAA. 

Some 24 years previously the patient had received a renal allograft. 
with vascular anastomoses to the right common iliac vessels ( Figure 1). 
for the treatment of end-stage renal failure secondary to chronic 
glomerulonephritis. Long-term immunosuppression was maintained 
with prednisolone and azathioprine. The preoperative serum creatinine 
level was 137 pmol/l. 

To preserve transplant function during the period of aortic 
cross-clamping, a heparin-bonded temporary right axillofemoral shunt 
(Gott aneurysm shunt; Sherwood Medical. St Louis, Missouri, USA ) 
was inserted before laparotomy. The procedure took 20 min and the 
infrarenal aorta was cross-clamped 30 min after the beginning of the 
operation, A straight aortic graft was inserted, and then a left 
aortofemoral graft was anastomosed side to side to the common femora! 
artery to bypass an iliac occlusion. The shunt was then removed with 
closure of the arteriotomies, without a patch. 

The patient's progress after operation was uneventful, although the 
serum creatinine level rose to 200 mol/l in the first week. This returned 
to preoperative levels within 2 weeks and renal function remains normal 
18 months after operation. 


Discussion 


The extended indications for renal transplantation and 
increasing success of immunosuppression have resulted in a 
greater number of patients with functioning renal transplants. 
Despite successful transplantation, atherosclerotic vascular 
disease secondary to chronic renal failure and long-term 
haemodialysis may remain progressive in a population that is 
now living to an older age. 

Methods of preservation of graft function during the period 
of aortic cross-clamping for elective repair of AAAs include 
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{rteriogram showing the renal transplant anastomosed 


Figure 1 
native iliac vessels in the right iliac fassa 


axillofemoral grafts or shunts, aortoiliac shunts*, and 
femorofemoral bypass with a pump~ oxygenator’. By contrast 
there have been few reports of renal transplant recipients 
undergoing emergency surgery for ruptured aneurysms* 
Lacombe uses no temporary vascularization of the 
transplanted kidney but transects the aorta between two clamps 
without opening the aneurysm sac. The transplanted kidney 
is thus perfused at low pressure by retrograde flow from the 
inferior mesenteric, lumbar and iliac arteries while the proximal 
anastomosis is made, so limiting the period of warm ischaemia 
This manoeuvre is not suitable for the ruptured aneurysm, 
where the kidney may have already suffered from a period of 
hypoperfusion and urgent revascularization is required. The 
Gott shunt can be inserted quickly, and the heparin bonding 
on the luminal surface obviates the need for systemic 
anticoagulation, These shunts should be made available in units 
carrying out vascular surgery and renal transplantation 
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Until recently few general practitioners (GPs) in the UK 
regularly performed minor surgery'. However, in an attempt 
to transfer some of the workload in minor surgery from the 
hospital service into the community*, this activity became an 
item-of-service payment for GPs from April 1990. The full 
impact of this change in remuneration on working practices in 
general practice is not yet clear. 

This study aimed to obtain information about minor surgery 
in the West of Scotland and to assess the need for postgraduate 
education relating to this activity. 


Methods 


A list of general practices and GPs was obtained from each of the six 
health boards in the West of Scotland. A total of 610 practices and 
1830 practitioners were counted from the health board lists. The GPs 
were stratified by sex. health board area and number of partners. and 
a sample of 400 selected at random to reflect these factors. However, 
the Hist was slightly out of date and a number of GPs selected had 
retired or resigned. A 26-item questionnaire was devised requesting 
details about the GP. the practice. participation in minor surgery and 
arrangements for this activity. This was posted to GPs in March 199] 
with a stamped addressed envelope for return. If no reply was obtained 
within 3 weeks a reminder was sent. 

Statistical analysis was by 7? test. 


Results 


Forty-one GPs were excluded from the original list of 400 
because of resignation, sickness, retirement, death or maternity 
leave and three questionnaires were returned marked ‘not 
known at address’. Of the remaining 356 questionnaires, 311 
(87-4 per cent) were completed correctly. The characteristics 
of the respondents are shown in Table 1. Of the respondents. 
296 were full-time. 188 vocationally trained and 88 in training 
practices. A total of 188 had had previous experience of minor 
surgery beyond preregistration house officer level and that 
obtained in general practice; 154 gained this experience in 
accident and emergency posts. 31 in surgical positions up to 
and including consultant surgeon level, nine overseas, eight in 
dermatology posts and four during military service. This was 
an open question allowing more than one option. 

A total of 194 GPs were on a health board minor surgery 
list; of the 117 not on such a list, 55 still performed minor 
surgery. More than one reason for not being on the list was 
possible and those given were: not eligible (62), too busy (62). 
not interested (50), not cost effective (46) and ‘other’ (19). The 
other reasons included unsuitable premises, a partner already 
on the list, physical disability and medicolegal worries. Some 
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practice in the West of Scotland and to find out whether further 
postgraduate education is required in this field. From a random stratified 
sample of 356 GPs, 311 (87-4 per cent) responded. Practitioners on 
health board minor surgery lists have increased minor surgery activity 
since April 1990; they prefer to perform the less technically demanding 
and time-consuming procedures on the eligible list. It is concluded that 
there is scope for increasing postgraduate education in minor surgery 


practitioners were awaiting the outcome of an application to 
join the list and some thought they were unable to apply because 
they were not prepared to perform all of the procedures on it. 
The characteristics of GPs who were on a minor surgery list 
compared with those who were not are shown in Table 2. 


Table 1} Characteristics of 311 respondents to minor surgery 
questionnaire 





Sex ratio (M:F) 228:83 
Age (years) 
26-30 20 
3} 35 71 
36-40 50 
41-458 $4 
46-50 33 
51-55 38 
56-60 29 
61-65 15 
>65 l 
No. of partners in practice 
j 71 
2 6! 
3 65 
4 50 
S 34 
6 18 
7 5 
8 4 
> 3 
No. of patients per partner 
< 560 3 
501 -1000 18 
1001 -1500 2 
1501 -2000 140 
2001 -2500 47 
2501 -3000 9 
> 3000 2 
Health board area 
Argyll and Clyde 61 
Ayrshire and Arran 33 
Dumfries and Galloway 20 
Forth Valley 31 
Lanark 47 
Greater Glasgow 119 
Type of practice* 
Urban 190 
Rural 53 
Urban and rural 28 
Semirural 25 
Island 12 





* Three respondents did not complete this section 
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Table 2 Characteristics of general practitioners on and not on health 
board minor surgery lists 








On list Not on list 

(n= 194) (n=117)  P* 
Sex ratio (M:F) 153:41 75:42 
Age <45 years 130 64 <005 
Vocationally trained 131 57 <0-001 
Experienced in minor surgery 140 48 <0-001 
In training practice 68 20 <0-001 
In urban practice 108 82 <0-05 
In practice with >5 partners 50 14 <0-005 





*7 test 


Table 3 Number of general practitioners on minor surgery lists 
performing estimated number of procedures per quarter before and after 
April 1990 





No. of procedures Before April 1990 After April 1990 





0- 16 7 
1-5 ` 52 19 
6~10 49 46 
11-15 28 40 
16-20 22 36 
21-30 il 20 
31-40 5 9 
41-50 0 4 
>50 9 i 
Total* 192 192 





*Twa respondents did not complete this section 


Table 4 Individual procedures performed by general practitioners per 
quarter between April 1990 and March 1991 





No. of 
No, of procedures Total 
practitioners performed no. of 
performing per procedures 





procedure practitioner performed 
Periarticular injection 144 0-20 525 
Abscess incision 139 0-12 301 
Sebaceous cyst excision 92 0-10 213 
Curette, cautery and cryo- 90 0-98 1045 
cautery of warts or 
verrucas 
Removal of foreign bodies 89 0-8 130 
Intra-articular injection > 81 0-36 448 
Excision of skin lesions 80 0-18 217 
for histology 
Removal of toenails 74 0-13 221 
(partial and complete) 
Cyst incision 57 0-6 98 
Cyst aspiration 56 0-7 99 
Bursa aspiration 56 0-4 76 
Joint aspiration 54 0-15 87 
Excision of warts 54 0-10 140 
Excision of intradermal 54 0-20 139 
naevi, papilloma, 
dermatofibroma and 
similar conditions 
Curette, cautery and cryo- 41 0-34 125 
cautery of other lesions 
„Excision of lipoma 28 0-8 62 
Thrombosed pile incision 27 0-2 32 
«Hydrocele aspiration’ ` 25 0-3 31 
, Nasal cautery . ` 21 0-13 65 
« Varicose vein injection 6 0-2 10 
Haemorrhoid injection 2 0-3 4 
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The 194 respondents on a minor surgery list were asked to 
estimate the number of procedures performed in an average 
quarter before April 1990 and in an average quarter after that 
date. There was a shift towards increasing the number of 
procedures after April 1990, as shown in Table 3. The individual 
procedures the 194 practitioners performed are shown in 
Table 4. The mean and median are not included; these measures 
were unhelpful because the majority of GPs in the study 
performed only a small number of procedures. In an open 
question, 50 of the 194 respondents said that injection of 
varicose veins should not be included on the list of eligible 
procedures for reimbursement; 41 felt similarly about 
haemorrhoid injection. It was felt by 46 that suture of 
lacerations should be included on the list. 

Minor surgery was performed opportunistically by 156 GPs, 
74 arranged a regular session, ten arranged a nurse-run clinic, 
four had hospital-run clinics, three had special appointments 
and three had special wart clinics; more than one option was 
possible for this question. Ninety-two had access to 
cryotherapy. Ninety-four used an autoclave for sterilizing 
instruments, 43 a local hospital or central sterile supplies 
department, 20 used disposable instruments, 14 employed a 
water boiler, nine used chemical methods of sterilization and 
26 did not answer this question; this was an open question and 
more than one method was used by some practitioners. 
Removed specimens were sent for histological examination by 
165 GPs; the majority of those who did not had yet to remove 
any suitable specimens. A total of 169 obtained verbal consent 
for procedures, 15 written consent, two both verbal and written 
consent, six no consent and two did not answer this question. 

Financial remuneration for minor surgery was thought 
adequate by 107 GPs, inadequate by 79 and eight did not 
answer this question. Fifty-nine estimated that they made a 
profit of more than £100 per partner per quarter from minor 
surgery, 39 less than £100, 30 no profit and seven a net loss; 
the remainder did not know or did not answer this question. 


Discussion 

The response rate of 87-4 per cent in this audit compares 
favourably with that of other postal surveys and reflects the 
high level of cooperation between GPs in the West of Scotland 
and the University of Glasgow. The sample is representative 
of practitioners in the region for sex, age, number of partners 
and number of patients per partner. Before April 1990 the 
amount of minor surgery being performed in general practice 
was declining? but the survey suggests that, at least for those 
GPs on their health board minor surgery list, in this region 
this trend has been reversed. However, as in any retrospective 
study based on the individual’s recall, there is an immediate 
source of bias. Although it might have been possible to validate 
the numbers of procedures for which a claim was made by GPs 
from the health boards after April 1990, this would not account 
for any procedures performed over and above the 15 per quarter 
that can be reimbursed. In addition, there is no method for 
checking the number of procedures performed before April 
1990. 

Few GPs in tbis study performed the more difficult 
procedures, such as injection of varicose veins and haemor- 
rhoids, and this confirms the findings of other workers*. This 
may be because the majority lack confidence in performing 
such procedures because of inadequate training and experience, 
both in diagnosis and surgical technique. Alternatively, 
practitioners may believe these are not cost effective when the 
payment is the same as for ablating warts by cryotherapy, for 
example. A substantial minority felt that injection of varicose 
veins and haemorrhoids should not be included in the list of 
eligible procedures, but this could deter those GPs who feel 
qualified and willing to perform them. Perhaps a two-tier system 
of payment would be more appropriate than the current 
standard fee for every procedure; simple procedures would be 
paid at a lower level than more difficult ones. Other 
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practitioners felt that suturing of lacerations should be included 
on the list of eligible procedures, suggesting the possibility that 
the minor surgery list of procedures is too prescriptive. 

In this study most minor surgery was arranged opportun- 
istically, confirming Castle’s finding*. It could be argued that 
a separate session with appropriate back-up should be a longer 
term aim. The high percentage of GPs who sent removed 
specimens for histological analysis and used suitable methods 
for sterilizing instruments was reassuring’. Less reassuring was 
the finding that 87 per cent obtained only verbal consent for 
performing minor surgical procedures. This is a source of 
medicolegal concern and may require the issuing of specific 
guidelines. . 

Patients have been shown to be highly satisfied by general 
practice minor surgery, which costs considerably less than the 
same treatment in hospital®. However, to increase services to 
patients and reduce hospital waiting lists, most GPs will 
probably need to do minor surgery’. In this study just over 
60 per cent of the practitioners were on their health board 
minor surgery list and, although almost half of those not on a 
list were performing minor surgery, it should be possible to 
encourage even more to become active in minor surgery. 
Practitioners not on a list gave a number of reasons for this; 
however, over half said they were not eligible. In addition, 
40 per cent of the original study group had no relevant 
experience above preregistration house officer level and that 
obtained in general practice. It would seem appropriate, 
therefore, to improve opportunities for GPs to obtain the 
necessary experience to be accepted for the minor surgery list. 
Previous workers have shown that preregistration house officer 
experience is inadequate training for all the procedures on the 
minor surgery list’. There is scope for increasing teaching in 
minor surgery at this level, particularly because about half of 
all house officers become GPs. 

The alternative is to develop skills in minor surgery as a 
vocational trainee, many of whom undertake accident and 
emergency and surgical jobs that often provide the relevant 
experience. Indeed, as demonstrated by this study, accident and 
emergency is the main source of experience in minor surgery 
for most GPs. Perhaps it should be ensured that the content 
of these posts addresses the requirements of the minor surgery 
list for general practice trainees. However, this would not help 
those who are currently working as GPs and are not eligible 
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for their health board lists. This study has identified a need 
for postgraduate courses in minor surgery in the West of 
Scotland. Guidelines on the content of such courses have been 
produced by the General Medical Services Committee and The 
Royal College of Surgeons of England, The Royal College of 
Surgeons of Edinburgh and the Joint Committee on 
Postgraduate Training for General Practice®. Further collabor- 
ation on suitable training for minor surgery has also been 
proposed between The Royal College of General Practitioners 
and The Royal College of Surgeons of England (personal 
communication, Royal College of General Practitioners). 
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Changes in major 
histocompatibility complex class Il 
expression in monocytes and 

T cells of patients developing 
infection after surgery 


Expression of class II major histocompatibility complex (MHC) on 
monocytes is a prerequisite for effective antigen presentation and 
processing, an important component of the immune response to infection. 
It has been reported that the level of monocyte class IT expression may 
identify patients who go on to develop infective complications following 
trauma. In the present study, flow cytometry was used to measure MHC 
class I (human leucocyte antigen ((HLA)-DR) expression on circulating 
monocytes and T cells in 36 patients undergoing elective major 
resectional surgery, of whom 12 developed septic complications. The 
percentage of HLA-DR positive monocytes fell significantly on the first 
day after operation in both groups (P < 0-0001) but was significantly 
higher in those without than in those with sepsis on days 1, 3 and 5 
(P < 0-05). In contrast, the level of T cell HLA-DR expression rose 
significantly on the first day after operation (P < 0-05) in patients 
without sepsis to a level higher than in those who developed infection 
(P < 0-05). These findings have important implications, as predictive 
biological elements and for biological response modification, in patients 


at risk of developing sepsis after surgery. 


Sepsis remains the single most important cause of morbidity 
and mortality in all branches of surgery. Current surgical 
practice and intensive care treatment have enabled progressively 
more complex procedures to be undertaken in older and more 
debilitated patients than previously possible’. However, despite 
the introduction of new generations of antibiotics, the overall 
incidence of sepsis after elective surgery? remains in the region 
of 5-10 per cent; this has not changed over the past decade?. 
It has been suggested that such sepsis may be a reflection of 
post-traumatic changes in leucocyte function**. Many facets 
of immune function have been shown to be impaired following 
major surgery; such data have been acquired using a range of 
techniques. At least half of the patients who undergo gastro- 
intestinal surgery become anergic as assessed by delayed 
hypersensitivity skin testing and this anergy is associated with 
an increased risk of postoperative sepsis’. Similarly, defects in 
neutrophil chemotaxis, phagocytosis, lysosomal enzyme 
content and respiratory burst have all been identified after 
operation®, Major surgery has also been shown to reduce the 
ratio of T helper to T suppressor cells and to reduce the number 
of circulating natural killer cells*. Jn vitro studies have revealed 
defective monocyte interleukin (IL) 1 secretion and increased 
prostaglandin (PG) E, secretion after major injury’, 
reversing the normal balance of stimulatory macrophage 
secretions for T cell activation. : 

The expression of major histocompatibility complex (MHC) 
class II is pivotal in the specific immune response to antigen. 
The initial event in antigen processing is the uptake of antigen 
by the macrophage into cellular lysosomes, where short 
polypeptide sequences are generated and combined with newly 
synthesized MHC class II antigen and expressed on the cell 
surface!°. T helper cells will recognize only foreign antigens 
presented in conjunction with self MHC class IT antigen!!+!?. 
Because measurements of the level of MHC class II expression 
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may identify patients who go on to develop infective 
complications after trauma! and because of the central 
importance of MHC expression in the immune response to 
infection, levels of MHC class II antigen expression in 


` peripheral circulating T cells and monocytes in patients 


undergoing major elective surgery were studied; the aim was 
to determine whether such measurements might predict the 
development of septic complications. 


Patients and methods 


The study was conducted in 36 consecutive patients undergoing elective 
major or complex major surgical procedures (Table 1); clinical profiles 
were recorded (Table 2). All patients received preoperative antibiotic 
prophylaxis with metronidazole and a cephalosporin, which was 
continued for 48 h after surgery. 

Venous blood (4 ml) was collected from the patients between 08.00 
and 09.00 hours before surgery and on days 1, 3, 5, 7 and 10 afterwards. 
Blood was collected in polypropylene tubes containing 1 ml chilled 
acid citrate dextrose (NIH formula A; Travenol Laboratories, Thetford, 
UK) as anticoagulant and sodium azide at a final concentration of 


Table 1 Type of procedure for 36 consecutive patients undergoing 
elective surgery 


No. 
Left or right hemicolectomy 7 
Total colectomy 5 
Anterior resection 2 
Abdominoperineal resection of rectum 1 
Small bowel resection 6 
Total oesophagectomy 4 
Pancreatoduodenectomy and colectomy 2 
Hepatic resection 1 
Total gastrectomy 3 
Miscellaneous retroperitoneal resectional surgery 5 
Total 36 
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Table 2 Clinical profiles of 36 consecutive patients undergoing elective 
surgery 





Patients with no 


complications Patients developing 








(n = 24) infection (n = 12) 
Age (years )* 66 (31-84) 64 (31-79) 
Sex ratio (M:F) 14:10 9:3 
APACHE II score* 2:5 (0-7) 2:5 (0-8) 
Malignancy (%) 60 67 
Albumin level (g/1)* 41 (31-46) 39 (36-40) 
Blood transfusion (units)* 0 (0-2) 0 (0-7) 
Patients receiving 5 6 


transfusion 


*Values are median (range) 


0:01 per cent and placed immediately on ice. A 100-1 aliquot of this 
anticoagulated blood was then added to 10-ypl aliquots of 
phycoerythrin-conjugated anti-human leucocyte antigen (HLA}DR 
monoclonal antibody, with either fluorescein isothiocyanate-conjugated 
anti-cluster differentiation (CD)3 monoclonal antibody or anti-CD14 
monoclonal antibody and incubated for 30 min, for assessment of T 
cell and monocyte HLA-DR expression respectively (monoclonal 
antibodies from Becton—Dickinson, Cowley, UK). 

After incubation with the antibodies, erythrocytes were lysed using 
fluorescence-activated cell sorter lysing solution (Becton—Dickinson ); 
these procedures were carried out in lipopolysaccharide-free poly- 
propylene plastics at 4°C in the dark. The samples were then washed 
twice in modified Dulbecco’s phosphate-buffered saline without calcium 
or magnesium, but with added ethylenediamine tetra-acetic acid, bovine 
serum albumin and sodium azide. All samples were run within 4h of 
venepuncture through a FACScan flow cytometer using Consort 30 
acquisition software and Lysis analysis software ( Beckton- Dickinson). 

Analysis of HLA-DR expression in lymphocytes and monocytes 
was conducted by gating on the leucocyte subpopulation of interest by 
virtue of its light-scattering properties. The simultaneous red and green 
fluorescence of this region was then plotted on a two-dimensional 
scattergram. The degree of red fluorescence of the CD3- or 
CD14-positive band was then measured and expressed either as the 
percentage positive (those cells that fluoresce brighter than a marker 
set up on a control monocyte or lymphocyte population stained with 
an irrelevant isotypic matched antibody) or a mean channel 
fluorescence, an indicator of the mean number of HLA-DR antigen 
complexes expressed per cell. This dual-colour technique thereby 
excluded any cells that may have fallen within the given light-scattering 
regions. 

Lymphocyte and monocyte HLA-DR expression between patient 
groups was compared using two-way analysis of variance (ANOVA), 
with either the percentage positive figure or the mean channel 
fluorescence as the dependent variable. If ANOVA demonstrated 
significant intergroup differences, Student’s unpaired t tests were 
performed at individual time points. 

Patients were defined as having an infective complication if a 
systemic response to infection was clinically evident (two or more of 
the following: peripheral white cell count <2 x 10°/lor >15 x 10/1; 
temperature > 38°C; twofold increase in serum alkaline phosphatase 
level; prothrombin time >18s; bilirubin level >20 mol/l; hypo- 
tension, i.e. systolic blood pressure <100 mmHg for >2h; and 
tachycardia > 100 per min for 22h), along with clinical evidence of 
an infection site. 

A x? test was performed on discrete variables. Results were 
considered different at P < 0-05; data are expressed as mean(s.e.m.). 


Results 


Of the 36 patients undergoing the elective procedures listed, 12 
developed an infective complication. Pulmonary infection, 
wound infection and intraperitoneal abscess occurred with 
equal incidence; there was no postoperative death in either 
group and at no time did any patient have a positive blood 
culture. The development of infection defined the patient 
subgroups (with sepsis and uncomplicated) for the purpose of 
retrospective analysis of preoperative clinical profile and 
postoperative changes in HLA-DR expression of monocytes 
and T cells. Before operation the two subgroups were not 
significantly different with regard to age, sex ratio, APACHE II 
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score, incidence of neoplasia and serum albumin level, or in 
number of units of blood transfused in the perioperative period. 
Two patients were receiving corticosteroid treatment before 
surgery and two were non-insulin dependent diabetics receiving 
medication; all four had an uncomplicated postoperative 
course. 


HLA-DR expression on CD14* mononuclear cells 


Within 24h of general anaesthesia and major surgery, there 
was a significant reduction in the percentage of circulating 
monocytes expressing the HLA-DR antigen in both the 
uncomplicated group and the patients with sepsis (mean(s.e.m.) 
percentage before operation versus 1 day after surgery 87-4(2:2) 
versus 63-7(4:5) and 83-9(3-6) versus 48-1(5-1) for the 
uncomplicated group and patients with sepsis respectively, 
P < ©0001). The mean(s.e.m.) percentage of monocytes 
expressing the HLA-DR antigen returned to the preoperative 
level by day 5 after surgery in the uncomplicated group 
(78-5(4-5), P not significant ) and by day 7 in those who suffered 
infections (69-2(6-7), P not significant). The percentage of 
monocytes positive for the HLA-DR antigen was lower in 
patients who developed an infective complication than in those 
with an uncomplicated postoperative course for the entire 
postoperative period (P < 0-0001, ANOVA), reaching statis- 
tical significance on days 1, 3 and 5 (respective mean(s.e.m.) 
percentages for uncomplicated versus sepsis: 63-7(4:°5) versus 
48-1(5-1), P < 0-04; 69-8(4-7) versus 56-2(3-8), P < 0:05; and 
78-5(4-5) versus 53-1(5-2), P < 0-005) (Figure 1). 

Likewise, the level of HLA-DR antigen expression per 
monocyte, expressed as mean(s.e.m.) channel fluorescence, in 
both the patients with sepsis and the uncomplicated group fell 
on the first day after operation (82-4(11-1) versus 27-7(4-3), 
P < 0-001 and 69-5(12-1) versus 20-1(3-6), P < 0-0001, respec- 
tively). This parameter returned to preoperative levels by day 
10 after operation in both groups (68-5(11-1) and 51-1(13-3), 
uncomplicated and group with sepsis respectively). Again, 
before operation and for the entire period after operation the 
mean(s.e.m.) density of the HLA-DR antigen per monocyte 
was greater in the uncomplicated group of patients than in 
those with sepsis (P < 0-004, ANOVA), reaching statistical 
significance on day 3 (36-9(5-1) versus 21-9(3-2), P < 0-05) 
(Figure 2). At no stage in the postoperative period did a 
binomial pattern develop in the frequency histograms of 
monocyte HLA-DR expression, which simply shifted to the left. 
Thus no subpopulation of cells expressing low amounts of 
HLA-DR appeared that reduced the percentage of monocytes 
expressing high levels. 


CD14* cells expressing HLA-DR (8%) 





Preop. 1 3 5 7 10 


Time after operation (days) 


Figure 1 Postoperative change in percentage of CD14* mononuclear 
cells positive for the human leucocyte antigen (HLA)-DR antigen for 
patients with no complications (0) and with sepsis (e). Values are 
meam s.e.m.). P < 0-0001 between groups (two-way ANOVA); *P < 0-05 
(Student's unpaired t test) 
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Mean channel fluorescence 
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Time after operation (days) 


Figure 2 Postoperative change in human leucocyte antigen (HLA)-DR 
antigen expression in CD14* mononuclear cells for patients with no 
complications (o) and with sepsis (@). Values are mean(s.e.m.). 
P < 0-005 between groups (two-way ANOVA); *P < 0-05 (Student's 
unpaired t test) 


CD3° cells expressing HLA-DR (%) 





Preop. 1 3 5 7 10 


Time after operation (days) 


Figure 3 Postoperative change in percentage of CD3* mononuclear 
cells positive for the human leucocyte antigen (HLA)-DR antigen for 
patients with no complications (o) and with sepsis (e). Values are 
mean(s.e.m.). P = 0-5 between groups (two-way ANOVA) 


HLA-DR expression on CD3* mononuclear cells 


There were no statistically significant intergroup differences in 
the postoperative changes that occurred in the percentage of 
circulating T cells expressing the HLA-DR antigen (Figure 3). 
However, in patients who had an uncomplicated postoperative 
course there was a significant rise in the T cell mean(s.e.m.) 
channel fluorescence for the HLA-DR antigen from before 
operation to day 1 (2:3(0-2) versus 3-1(0:3), P < 0-05). This 
was significantly higher than in patients who developed an 
infective complication (3-1(0:3) versus 2-2(0:2), P < 0-05) 
(Figure 4). Again, both before operation and throughout the 
postoperative period the mean density of the HLA-DR antigen 
per T lymphocyte was greater in the uncomplicated group than 
in those patients who developed sepsis (P < 0-002, ANOVA). 

The incidence of leucocytosis and febrile episodes was similar 
in the early postoperative period in both groups of patients. In 
the group with sepsis, 85 per cent of positive bacterial cultures 
were obtained in the late postoperative period (arbitrarily 
defined as beyond the fifth day after surgery). 
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Figure4 Postoperative change in human leucocyte antigen (HLA)-DR 
antigen expression in CD3* mononuclear cells for patients with no 
complications (o) and with sepsis (e). Values are mean(s.e.m.). 
P < 0-002 between groups (two-way ANOVA); *P < 0-05 (Student's 
unpaired t test) 


Discussion 

In the present study the percentage of monocytes positive for 
the HLA-DR antigen was similar to those previously ‘described 
by others’*. A consistent theme throughout the present data 
was that MHC class II expression was greater in the 
uncomplicated group than in the group with sepsis before 
operation, and this difference was maintained and ,amplified 
-after operation. Although the preoperative differences were not 
statistically significant, it is an interesting feature, because 
inherited traits towards high or low levels of expression have 
been observed previously’? and may indicate the presence of 
a genetic component to the modifications of immune function 
induced by injury. 

A number of studies have documented a reduction in the 
percentage of circulating HLA-DR positive monocytes 
following major traumat’, burn injuries! and laparotomy in 
mice’? and in humans‘*. However, in addition to confirming 
the results of these previous studies, which did not discriminate 
uncomplicated from septic outcomes, the present study has 
shown that both the percentage of monocytes positive for the 
HLA-DR antigen and the mean antigen density followed a 
parallel postoperative pattern. This suggests that there is a 
downregulation of HLA-DR at the cellular level rather than 
the percentage of DR-positive monocytes being reduced by an 
influx of immature monocytes as suggested by other workers. 
In support of this is that, when analysing the frequency 
histograms of monocyte HLA-DR expression, no binomial 
pattern evolved in the postoperative period, i.e.-no obvious 
subpopulation of low-level expressers emerged, merely a.shift 
in the histogram mode to the left. 

It is proposed that, as after trauma, the reduction in 
HLA-DR expression following surgery is associated with 
postoperative infection. Although the exact mechanism for 
this downregulation is unknown, experimental data are 
accumulating that may provide several possible explanations. 
Shock and trauma have emerged as inter-related entities that 
have detrimental effects on components of the immune system. 
Experimentally, simple haemorrhage without significant tissue 
trauma causes major modifications in the immune system'’ 
despite adequate volume replacement, and both MHC class IT 
expression and the antigen-presenting potential ef monocytes 
are profoundly reduced’®. In the elective surgical setting, 
intraoperative haemorrhage is likely to be managed with blood 
or blood product transfusions, and these themselves are known 
to be immunosuppressive!®. A number of studies report that 
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following haemorrhage there is release of endotoxin?° that may 
further confuse the interpretation of immunological measure- 
ments in these patients. In the present study the incidence of 
perioperative blood transfusion was similar in both groups and, 
although transfusion may contribute to the alteration of 
monocyte HLA-DR expression, it is unlikely to be a major 
influential factor in the final outcome. 

Anaesthesia itself has been reported to alter host defences 
in normal individuals and this may be caused by a direct 
pharmacological effect or secondary to a state of relative 
peroperative hypotension that may be unavoidable. It has been 
claimed that the immunosuppressive effects of anaesthesia may 
be of benefit, insofar as the administration of an anaesthetic 
attenuates the secretion of tumour necrosis factor (TNF) and 
its possible deleterious effects in response to endotoxin 
release”. 

Within the monocyte-T cell axis a number of alterations in 
cytokine secretion have been described following surgery and 
haemorrhage. The macrophage exerts its stimulatory and 
regulatory functions within a specific immune response via the 
secretion of IL-1 and PGE,. After trauma and surgery the 
macrophage secretion of FGE, is significantly raised and that 
of IL-1 significantly reduced’. IL-1 is required for normal 
macrophage-T cell! interaction, this interaction being impaired 
by PGE,. Failure of the appropriate macrophage—monocyte 
secretion may be one reason why there was a failure of T cell 
activation as assessed by T cell HLA-DR expression in the 
present patients who developed infective complications. 
Diminished interferon (IFN) y production after trauma has 
been described?; it has been suggested that the administration 
of exogenous IFN-y may be effective in reducing the incidence 
of infection in trauma victims”? and that this improved outcome 
is mediated by increased levels of monocyte HLA-DR 
expression in severely injured patients??. The same investigative 
group is now evaluating the effects of IFN-y treatment in trauma 
victims in a prospective randomized controlled trial?*. 
Similarly, granulocyte-macrophage colony-stimulating factor 
is known to increase monocyte HLA-DR expression and 
antigen-presentation capacity?*-?°, the circulating levels of this 
cytokine being depressed in burn victims who develop infective 
complications?’. 

The endocrine response to surgery is one of raised cortisol 
secretion that even in the physiological range can suppress 
components of the immune system. Dexamethasone has been 
shown to downregulate IFN-}-induced monocyte MHC class 
II expression?®, but no correlation between the level of cortisol 
and degree of postoperative immunosuppression has yet been 
shown??, 

The MHC also has a number of regulatory functions 
mediated by its monomorphic determinants. The density of 
class II molecules on the monocyte cell surface can alter the 
degree of immune responsiveness of an individual, in particular 
the degree of T cell responsiveness*°*!. In the patients with 
sepsis in the present study it may be that monocyte class II 
expression fell below a critical level, such that there was a failure 
of T cell activation in these patients as shown by increased 
HLA-DR expression in CD3* cells in the group with no 
complications but not those with sepsis. In addition to exerting 
a regulatory role over T cell activation, the monocyte class IT 
antigen also regulates the monocyte secretion of IL-1 and TNF. 
The lipopolysaccharide-induced secretion of TNF and IL-1 can 
be reduced in a dose-dependent manner by prior incubation 
with monoclonal antibodies to the DR and DQ determinants. 
The secretion of these cytokines shows a degree of polymorphic 
variation; in general, heterozygotes at the HLA-DR locus are 
‘higher’ secretors than homozygotes*?. 

Although the mechanism by which the postoperative 
reduction of HLA-DR expression in the monocyte occurs is 
unknown, its immunological consequences may be mediated 
through multiple pathways. The importance of this is 
exemplified in the clinical outcome of the present patients, where 
the greater fall in monocyte HLA-DR expression and delayed 
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return to normal levels was observed in those who subsequently 
developed infective complications. In these patients there was 
associated failure of T cell activation that may have contributed 
to the development of infective complications. 

This perturbation of MHC expression on monocytes and T 
cells occurs as early as the first 24h after elective surgery in 
patients who are destined to develop infective complications, 
before any clinical manifestations are apparent. The measure- 
ment of HLA-DR expression may serve to predict this 
complication and also as a target for future modifications by 
biological agents. 
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Missed or delayed diagnosis of traumatic rupture of the 
diaphragm associated with blunt trauma remains frequent’. 
The diagnosis may be overlooked because of associated multiple 
injuries and. even with a high index of clinical suspicion, 
radiological investigation may be inconclusive. The advent of 
minimally invasive surgery has expanded diagnostic potential 
in both the abdomen and chest. A case of traumatic rupture 
of the right hemidiaphragm is presented in which a conclusive 
diagnosis was made at thoracoscopy 


Case report 


A 36-year-old man was admitted from a peripheral hospital following 
a road traffic accident. His injuries included fractures of the right fifth, 
sixth and seventh ribs, L4 and sacrum, and an intertrochanteric fracture 
of the right hip. He also had a right haemothorax, which drained 
1050 ml blood via a tube in the 3 days before transfer. Some 8 years 
previously the man had undergone total proctocolectomy with end 
ileostomy for ulcerative colitis. which was complicated by recurrent 
intra-abdominal sepsis. On admission he had a temperature of 38:2 C; 
the pulse rate was 100 min. Chest examination demonstrated dullness 
of the right base with bronchial breathing. The right leg was in a 
Thomas splint. Full blood count and general biochemical results were 
normal. Arterial blood gases showed hypoxia: the partial pressure of 
oxygen was 785 k Pa and of carbon dioxide 5:14 kPa: the pH was 7-42 
Chest radiography showed a generalized opacity in the right base that 
obscured the right hemidiaphragm. Abdominal ultrasonography was 
normal 

The patient was commenced on 1-2 g Augmentin (1 g amoxycillin 
plus 200 mg clavulanic acid: Beecham, Brentford. UK ) intravenously 
three times daily and 40 per cent oxygen by face mask as treatment 
for right lower lung contusions and associated atelectasis. The following 
day he underwent internal fixation of the right hip fracture. At 3 days 
after admission repeat chest radiography clearly demonstrated an 
elevated right hemidiaphragm (Figure 1). Ultrasonographic examin- 
ation could not contirm a diagnosis of ruptured hemidiaphragm 
Intra-abdominal injection of 200 mBq °’™technetium -tin colloid failed 
to demonstrate contrast in the chest as a result of previous adhesions 

As a diagnosis of ruptured right hemidiaphragm was still considered 
likely. the patient underwent right thoracoscopy. Under general 
anaesthesia using a double-lumen endobronchial tube, 1-5 litres carbon 
dioxide were introduced into the right pleural space following collapse 
of the right lung. A 0 laparoscope (Karl Storz, Tuttlingen. Germany ) 
attached to an Olympus camera (OTV-S2: KeyMed. Dublin, Ireland ) 
and imaging system was introduced through a 10-mm Surgiport (US 
Surgical, Norwalk, Connecticut, USA) cannula in the sixth intercostal 
space in the anterior axillary line. Using a blunt retractor introduced 
through a 5-mm cannula, the lung lobes were identified and retracted 
to demonstrate herniated liver in the chest cavity (Figure 2). A 
minithoracotomy incision was made through the seventh intercostal 
space, and repair of the diaphragmatic hernia was carried out using 
two layers of 0 Prolene (Ethicon, Edinburgh, UK ) sutures. A tear in 
the pericardium extending along the phrenic nerve for 5em was also 
identified, indicating the possibility of concomitant phrenic nerve palsy 
The patient was discharged 14 days later. The right hemidiaphragm 
remained clevated with no movement on screening, suggesting a 
persistent phrenic nerve palsy 
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Figure 1 Chest radiograph 6 days after admission, demonstrating an 
elevated right hemidiaphragm 





Figure 2 Thoracoscopy showing herniated liver in the right chest cavity 
RUL. right upper lobe of lung: RML., right middle lobe of lung: RLL. 


ight lower lobe of lung; L. liver; DM, diaphragmatic margin: P. 
pericardium 
Discussion 


This case typifies the diagnostic difficulties in confirming a 
ruptured right hemidiaphragm in the multiple trauma victim 
despite a high index of clinical suspicion. Conventional 
diagnosis rests on chest radiography showing a raised hemi- 
diaphragm*. Although ultrasonography is frequently helpful’, 
a conclusive diagnosis may be difficult. Computed tomography 
may also be useful, but difficulty can arise in delineating the 
diaphragm from the liver with right-sided ruptures*. Other 
diagnostic options include magnetic resonance imaging, which 
still requires further evaluation, and injection of radionuclide 
tracers into the abdomen, which was unsuccessful here because 
of postoperative adhesions 

Diagnostic laparoscopy can be useful and, in the case of 
suspected injuries to other abdominal organs, may be the 
preferred endoscopic diagnostic aid. Contraindications to 
laparoscopy may include previous abdominal operations or 
associated thoracic and cerebral injuries. Arendrup and Jensen 
have commented on the theoretical usefulness of thoracoscopy 
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in the identification of diaphragmatic hernia but have not 
reported any personal experience*. The present case confirms 
the ease and usefulness of thoracoscopy in the evaluation of 
the patient with trauma. Experience in this case would suggest 
that thoracoscopy should be considered when conventional 
radiological measures are unhelpful in the diagnosis of 
traumatic rupture of the diaphragm. 
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The authors routinely use operative cholangiography during 
laparoscopic cholecystectomy to establish the presence of 
choledocholithiasis, which is then dealt with endoscopically. 
and to define the bile duct anatomy, preventing bile duct injury. 
The Tilley—Lichtwitz trocar and cannula (Downs Surgical, 
Sheffield, UK ). commonly used for maxillary antral lavage. 
facilitate the placing of a ureteric catheter into the cystic duct. 


Surgical technique 


The Tilley-Lichtwitz trocar and cannula are introduced through the 
abdominal wall under direct vision, in the mid-clavicular line, just 
under the ribs. A no. 4 ureteric catheter snugly fits a 7-Fr cannula and 
a no. 5 catheter an 8-Fr cannula (Figure 1). The ureteric catheter can 
then be directed easily using the metal cannula aimed towards the cystic 
duct; the latter is then cannulated in the normal way. 
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Figure 1 a Tilley- Lichiwitz trocar and cannula. b A ureteric catheter 
with attached “butterfly” is seen placed through the cannula, the trocar 
having been removed 


Discussion 


The use of this instrument allows easy placement of the 
cholangiogram catheter within the abdominal cavity and the 
rigidity of the metal cannula is useful in facilitating 
manipulation. Its use in preference to a disposable intravenous 
cannula is recommended. 
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Multiple injuries. especially those to the thorax, are rare in 
children. The most common causes are road traffic accidents, 
bicycle falls. falls from heights and non-accidental injuries. 
Pneumoperitoneum without abdominal visceral injury is rarely 
reported in the literature and is due mainly to pulmonary injury 
caused by barotrauma. Such an association has been reported 
infrequently in children! 7. 


Case report 


A 10-year-old boy was admitted with multiple injuries. He had been 
riding his bicycle down a steep hill when he failed to control the speed 
on approaching a corner and crashed. The boy was found unconscious, 
straddled across and through a hedge. During the ambulance journey 
to hospital he suffered a respiratory arrest from which he was re- 
suscitated. On arrival at the accident and emergency department the 
boy was unconscious with no response to painful stimuli but no focal 
neurological signs. He had bilateral poor air entry on auscultation of 
the chest. with shallow breathing. Surgical emphysema was noted in 
the neck, extending down over the upper chest. and separately over 
the lower abdomen limited distally by the attachments of Scarpa’s 
fascia. Other injuries included a 15-em full-thickness scalp laceration 
in the right parieto-occipital region and lacerations to the penile skin 
and right knee. 

On arrival the boy was intubated and venous access was secured 
Resuscitation was commenced with infusion of plasma and crystalloids 
Immediate radiological investigation revealed a bilateral tension 
pneumothorax. Bilateral chest drains were inserted with full 
re-expansion of both lungs and no further air leakage. Abdominal 
examination showed an expanding abdominal girth with surgical 
emphysema in the groin and scrotum. Four-quadrant: abdominal 
aspiration revealed air but no bile or blood. and an abdominal drain 
was inserted in the left iliac fossa. Findings at initial computed 
tomography (CT) of the head on admission were normal; abdominal 
CT showed no visceral injury and contirmed the plain radiographic 
findings (Figure 1) of air in the peritoneal cavity. In view of the 
distribution of abdominal gas. air was presumed to have tracked 
retroperitoneally from the mediastinum, and a conservative policy was 
adopted, 

The patient remained stable: air continued to drain from the 
abdomen for 20h. Some 48h after admission he developed 
consolidation of the left lung which, in spite of intensive physiotherapy. 
failed to re-expand. Fibreoptic bronchoscopy showed blood in the lefi 
main bronchus. and rupture was diagnosed. At thoracotomy a complete 
transection of the left main bronchus was found and repaired. 

After this the patient made a gradual improvement with pulmonary 
re-expansion: he remained intubated for 10 days. The pneumo- 
peritoneum and surgical emphysema resolved slowly over 6 days 
following the initial trauma. The boy was well enough to be discharged 
3 weeks after the accident and has remained well since. 


Discussion 


This child sustained major multiple injuries that needed 
intensive resuscitation and management. Two unusual signs 
were noted. First, bilateral tension pneumothorax is rare with 
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Figure 1 Radiograph showing extensive surgical emphysema and air 
under the diaphragm 


a ruptured main bronchus*. The clinical course shows that full 
aeration of a lung can be maintained for 48 h in the presence 
of a complete bronchial rupture. unless it was the case that at 
first the rupture was incomplete. If this were so, consolidation 
in the left lung 48 h later coincided with complete detachment. 
This presentation has not been reported before. 

The second unusual sign was the rapidly expanding 
pneumoperitoneum. This was almost certainly caused by the 
barotrauma with air tracking from the mediastinum behind the 
diaphragm into the retroperitoneal tissues and then rupturing 
into the peritoneal cavity. Air also tracked round the pelvis 
and into the lower abdominal wall tissues. being confined by 
Searpa's fascia. 

Earlier endoscopy would have led to confirmation of the 
clinically suspected ruptured bronchus sooner. At the time it 
was felt that initial maintenance of full expansion of the left 
lung justified the approach, especially when associated with a 
severe head injury. 

Although such an association of thoracic injury and 
pneumoperitoneum is well recognized in adults**. its rare 
occurrence warrants a reminder that it can occur in children. 
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Hypovolaemic shock represents a major threat to the life of 
the patient suffering from post-traumatic or spontaneous 
haemorrhage, be it external or internal. Most modern clinicians 
were brought up with the belief that aggressive fluid 
resuscitation is the first priority until definitive control of the 
source of haemorrhage is achieved. Such an approach, currently 
advocated by the advanced trauma life support course of the 
American College of Surgeons Committee on Trauma, 
emphasizes that all hypotensive patients with suspected acute 
bleeding should be promptly treated with intravenous fluids to 
restore normal blood pressure before operative intervention. 
The rapid restoration of normovolaemia, it is preached, ought 
to sustain vital organ function during the acute phase and to 
play a role in the prevention of the delayed septic sequelae of 
severe shock. 

This prevalent clinical practice is based on physiological 
experimental studies from the 1950s. The model of controlled 
haemorrhage depended on withdrawing blood atraumatically 
through a surgically inserted cannula to a predetermined 
endpoint of volume or pressure for a set time’. Unfortunately, 
this controlled bloodletting does not at all resemble the 
uncontrolled clinical situation in which blood pours out of 
injured or eroded vessels. The fundamental dissimilarity 
between experimental controlled haemorrhagic shock and 
clinical uncontrolled shock has recently raised a wave of 
renewed attention to this condition, reflected in clinical 
observations and novel experimental work, calling for critical 
reassessment of present policies of aggressive fluid resuscitation. 

During World War I, Cannon and others, after observing 
combat casualties, concluded: 


‘Hemorrhage in the case of shock may not have occurred to a 
marked degree because blood pressure has been too low and 
flow too scant to overcome the obstacle offered by a clot. If the 
pressure is raised before the Surgeon is ready to check any 
bleeding that may take place, blood that is sorely needed may 
be lost’?. 


Following World War JI it was stated: 


‘When internal hemorrhage persisted, for instance, there could 
be no resuscitation without surgery and it was wasteful of both 
time and blood to attempt to raise the patient’s blood pressure 
to normal before operation. The blood or plasma which was 
administered merely leaked into the traumatized regions and 
was wasted, while at the same time the patient was submitted 
to the hazard of an unnecessary number of transfusions. Surgery, 
with control of the hemorrhage, was the simplest and the most 
effective way of accomplishing full resuscitation in such a case">. 


The same concern was raised again by others who claimed that 
generous crystalloid resuscitation could be harmful in patients 
whose source of bleeding was not promptly controlled‘. 
Autoregulatory mechanisms that control haemorrhage are 
important for homoeostasis. Hypotension slows bleeding and 
allows clot formation within the constricted vessel and its 
surroundings, which in turn leads to spontaneous cessation or 
reduction of bleeding. Experimental studies have demonstrated 
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that the disruption of these defence mechanisms by drug- 
induced hypertension or treatment with anticoagulant agents 
tends to promote rebleeding from the lacerated vessel>. Recent 
experiments in animal models of uncontrolled haemorrhagic 
shock have clearly shown that resuscitation with Ringer's 
lactate® or hypertonic’ solutions significantly increased both 
bleeding and death. Infusion-induced dilution of coagulation 
factors and hypothermia may contribute to clot disruption’. 

Clinical observation lends support to these experimental 
findings in the non-trauma situation. Crawford strongly 
believes that avoiding fluid and blood product resuscitation 
until the time of operation is a major factor behind his excellent 
results with ruptured aortic aneurysm. He claims that keeping 
the systolic blood pressure at 50-70 mmHg prevents clot 
dislodgement and increase in bleeding. Conversely, aggressive 
crystalloid infusion exaggerates haemorrhage before, during 
and after the procedure®. Others have suggested that excessive 
transfusion is associated with a higher incidence of further 
bleeding in patients suffering from upper gastrointestinal 
haemorrhage!®. The priority of fluid resuscitation is also 
questioned by those who advocate a ‘scoop and run’ evacuation 
policy for severely injured patients. 

Nevertheless, historical notes, clinical impressions and 
experimental animal data do not provide a definitive answer 
to the question of whether aggressive fluid resuscitation and 
restoration of blood pressure towards normal levels in the face 
of uncontrolled haemorrhage is deleterious to patients. A 
randomized clinical trial is needed to answer this crucial 
question. 


Addendum 


Since submission of this paper, results of a preliminary study of the 
type referred to have been published'’; no significant difference in 
outcome between groups receiving delayed or immediate resuscitation 
was observed. The number of patients involved was, however, small, 
and further study of this issue is recommended. 
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Abdominal aortic thrombosis following blunt trauma is rare. 
To date only 115 cases of thrombosis have been reported, 
caused mostly by dissection, rupture or transection!:?. A patient 
with aortic thrombosis following a fall is reported in whom 
there was no evidence of previous atheromatous disease. Only 
one previous case of aortic thrombosis related to lumbar 
vertebral injury has been described’. In that patient there was 
a lumbar fracture. 


Case report 


A 53-year-old psychiatric nurse was pushed by a patient and fell on to 
the buttocks. He sustained a crush fracture to the second lumbar 
vertebra and was admitted under the care of an orthopaedic surgeon. 
On admission the patient had no neurological deficit and was treated 
by bed rest and analgesia. There was no record of peripheral pulses. 
Some [2 days after the injury the patient suddenly developed pain, loss 
of sensation, and coldness in the left leg. On examination both femoral 
pulses were present, although the left was severely damped. No other 
lower-limb pulses were palpable and Doppler signals were unobtain- 
able. Intra-arterial digital subtraction angiography showed a large 
filling defect in the infrarenal aorta extending into the left common 
iliac artery, with the aorta tapering distally. Emboli were seen in the 
right profunda femoris artery and left tibioperoneal trunk. 
Embolectomy using a Fogarty catheter was performed through both 
common femoral arteries, and a thrombus removed from distal and 
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proximal arteries. However, the inflow remained poor, so the aorta 
was exposed by a midline incision. There was no retroperitoneal 
haematoma or evidence of external aortic injury. An arteriotomy was 
made on the anterior aortic wall and a large thrombus removed from 
the distal aorta. There was no evidence of dissection, intimal flap or 
atheroma. The patient was given 10000 units heparin intravenously 
during the procedure and was not administered anticoagulant after 
operation as he was under treatment for multiple peptic ulcers 
secondary to Zollinger—Ellison syndrome. An intraoperative arterio- 
gram was satisfactory, showing good run-off; the patient made a 
complete recovery. 

Echocardiography was normal, as was abdominal computed 
tomography specifically directed to find evidence of aortic injury. 


Discussion 

Blunt trauma of the abdomen resulting in aortic injury is rare. 
Aortic injury can follow road traffic accidents* and blunt 
trauma across the mid-abdomen. It is caused by rapid 
deceleration and shearing forces, which produce intimal tears, 
dissection and thrombosis. Traumatic aortic occlusion without 
dissection may occur in an atheromatous aorta with marked 
calcification, which reduces inherent resilience and elasticity. 
Traumatic thrombosis of the aorta without evidence of 
dissection, intimal tear or atheromatous disease occurred in the 
present patient and to the authors’ knowledge has not been 
reported previously in the English literature. Aortic thrombosis 
is a rare complication of spinal injury that may require rapid 
diagnosis and management. 
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Use of an accident and emergency 
department observation ward in 
the management of head injury 


The management of 405 patients presenting with head injury to an 
accident and emergency department was assessed. Sixty-nine patients 
were admitted, although this number should have been 127 according 
to current guidelines on the management of head injury. Only three 
attenders were admitted inappropriately according to these guidelines. 
An accident and emergency observation ward was open on weekdays 
only; at weekends, patients with head injury were admitted to a general 
surgical ward. When the observation ward was open, 51 of the 76 patients 
(67 per cent) presenting with admission criteria were admitted. When 
closed, only 15 of the 51 patients (29 per cent) with these criteria were 
admitted. Guidelines were applied effectively to reduce the number of 
unnecessary admissions, but there was a significant number of patients 
with minor head injury who were discharged inappropriately. This 


Dr R. E. MacLaren 


Many accident and emergency departments in the UK have an 
observation ward, managed by casualty officers, usually 
without help from other departments. Patients most suitable 
for treatment on such wards are those whose primary 
requirement is a short period of observation, without immediaté 
need for specialist intervention, and whose condition usually 
results in discharge within 24 h. 

Patients with minor head injury are ideally managed on an 
observation ward since they require a relatively short 
admission’? and seldom develop serious consequences. Thè 
risk of developing haematoma and, therefore, of requiring 
specialist intervention is small: 1 in 121 for patients 
disorientated without skull fracture; 1 in 32 for those fully 
orientated with skull fracture®; and 0-59 per cent of those 
admitted*. Head injury causes 10 per cent of new accident and 
emergency attendances*® and provides about one-quarter of 
all accident and emergency observation ward admissions’~*; 
96 per cent of patients’ stay <24 h. 

This hospital’s accident and emergency department has a 
13-bed observation ward. Until recently, for financial reasons, 
the ward was closed at weekends, when patients with minor 
head injury had to be admitted via the surgical registrar to the 
main surgical ward. 

Over the past 10-15 years much research has been 
performed to identify patients with seemingly minor head injury 
who have a significantly higher chance of requiring neuro- 
surgical intervention!:>¢-!°-!3_ In selecting only these high-risk 
patients for a period of observation, the number admitted can 
be reduced. Based on these research findings, in 1986 a Royal 
College of Surgeons of England working party published 
guidelines as to which patients with head injury should be 
admitted for observation’*, This report recommended 
admission when certain easily defined criteria are present 
(Table 1). These criteria are listed on ‘head injury forms’ used 
at this and other accident and emergency departments. 

This paper examines the incidence of these criteria in a 
typical population with head injury presenting to a London 
casualty department and audits the decision on admitting each 
patient for observation according to the recommended 
guidelines. Since the observation ward facility was not available 
for almost 3 days each week, with most other factors being 
constant, the unique situation arose of being able to apply these 
criteria to assess quantitatively whether the decision to admit 
a patient with head injury was more or less appropriate when 
an observation ward was available. 
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number was much reduced when an observation ward was available. 


Table 1 Incidence of criteria for admission in patients attending the 
accident and emergency department with head injury 








Criterion No. 

Confusion or any other depression of the level of 23 (5:7) 
consciousness at the time of examination 

Skull fracture 9 (2:2) 

Neurological signs or severe headache or vomiting 40 (9-9) 

Difficulty in assessing the patient (e.g. alcohol, 72 (17:8) 
the young, epilepsy) 

Other medical conditions (e.g. haemophilia ) 1 (0:2) 

The patient’s social conditions or lack of responsible 22 (5-4) 


adult/relative 








Values in parentheses are percentages of the 405 patients presenting 


Patients and methods 


The department is staffed by one consultant, two registrars and seven 
senior house officers. In this retrospective study, none of the examining 
doctors could have suspected audit, since no additional paperwork was 
requested from them. The records of 405 patients with head injury 
presenting between May and July 1991 were traced using the accident 
and emergency log book. All entries of ‘head injury’, ‘laceration to 
head’, ‘assault’, ‘fall’ and ‘RTA’ (road traffic accident) were analysed 
and the patients without head injury excluded; 14 sets of notes were 
not found. Children under 14 years of age and patients reattending 
were also excluded. 

Each doctor’s recorded history and examination findings in the 
notes and on the head injury cards was analysed. If the patient exhibited 
any of the signs or symptoms referred to in the Royal College guidelines 
as requiring admission, it was considered that the admission criteria 
had been met. It was then noted whether the patient had actually been 
admitted or not. Any self-discharges were treated as admissions, since 
this had been the clinician’s original decision. 

The date and time of each attendance was checked to establish 
whether the patient had presented when the observation ward was open 
or closed. This was performed once all data had been collected and 
analyses made, thus removing any observer bias. The admission of any 
patient presenting between 12.00 hours on a Friday and 06.00 hours 
on a Monday would have to have been via the surgical team to a 
surgical ward. í 

The proportion of patients being sent home ‘inappropriately’, that 
is with admission criteria, when the observation ward was open was 
calculated. This was compared with the proportion sent home when 
the observation ward was closed. Distribution of discrete variables was 
compared by the 7? test using Yates’ continuity correction throughout. 
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Results 


A total of 405 patients presented with head injury over the 
3-month period: 252 when the observation ward was open and 
153 when closed. Of the 405 patients, 127 (31-4 per cent) 
exhibited criteria warranting admission. The incidence of each 
criterion is shown in Table I (adding all incidences individually 
gives 167 as some of the 127 patients exhibited more than one 
criterion). The ‘difficult to assess’ criterion was the commonest, 
occurring in 72 patients, or 17-8 per cent of those presenting. 
Alcohol intoxication provided 64 of these, being present in 
15-8 per cent of the cohort. This figure is lower than those of 
22 and 46 per cent quoted by others*-!°, but for the purposes 
of the present study alcohol intoxication was defined as 
abnormal behaviour attributable to alcohol, and not simply a 
history of having consumed alcohol. 

Table 2 shows that 61 of the 127 patients exhibiting one or 
more of the criteria warranting admission when seen by the 
casualty officer were sent home. Some of the reasons given for 
not admitting patients in this group were ‘intoxicated and 
uncooperative’, ‘confusion probably postictal’, ‘vomiting but 
skull X-ray normal’ and ‘fully orientated with only hairline 
fracture’. Four patients presented again and were admitted for 
observation at a later date; all four had exhibited positive 
criteria when seen and discharged initially. An additional three 
patients were admitted without having met any of the criteria, 
the reasons given for admission being a history of ‘amnesia’, 
‘lost consciousness’ and ‘hit with axe’. (If the guidelines were 
adhered to strictly, these alone are indications for skull 
radiography, but not admission. ) 

Table 3 compares the management of patients with head 
injury depending on the availability of the observation ward. 
When the ward was open, 25 of the 76 patients with admission 
criteria (33 per cent) were sent home, whereas 36 of the 51 
patients with admission criteria (71 per cent) were sent home 
when the ward was closed. This difference is significant 
(x? = 15-90, I df, P<O-001). Of the 252 patients who 
presented when the ward was open, 21-4 per cent were admitted, 
but only 9-8 per cent of the 153 who presented when the ward 


Table 2 Application of criteria to 405 patients to assess eligibility for 
admission 








Category No. 
Criteria met 
Admitted 66 (16:3) 
Sent home 61 (15-1) 
Total 127 (31-4) 
No criterion met 
Admitted 3 (0:7) 
Sent home 275 (67-9) 
Total 278 (68°6) 


` Values in parentheses are percentages 


Table3 Admission outcomes depending on observation ward availability 





Ward open Ward closed 

Category (n = 252) (n = 153) 
Criteria met 

Admitted 51 (20-2) 15 (9-8) 

Sent home 25 (9-9) 36 (23-5) 

Total 76 (30:2) 51 (33-3) 
No criterion met 

Admitted 3 (1-2) 0 (0-0) 

Sent home 173 (68-7) 102 (66-7) 

Total 176 (69-8) 102 (66-7) 


Values in parentheses are percentages 
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was closed were admitted. This difference is also significant 
(x? = 8-30, 1 df., P < 0-01). 

There was no significant difference in the proportion of 
patients exhibiting positive criteria when the ward was open 
(76 of 252) and when it was closed (51 of 153) (x? = 0-31, 
1 d.f., P = 0-58); the two groups were equivalent in terms of 
injury severity. 

Discussion 

The results show that about 31 per cent of all patients attending 
the accident and emergency department with head injury exhibit 
one or more of the criteria that warrant admission. However, 
only 17 per cent of the total were admitted, which shows 
discordance between the practice recommended in the 
guidelines and that of the casualty officers. This difference was 
far more marked when the observation ward was closed. 

One might attribute the low overall admission rates to 
selection errors made by casualty doctors, but only three of the 
405 patients were admitted inappropriately, which suggests that 
the guidelines are being adhered to, at least as far as preventing 
unnecessary admission. The authors cannot condemn the 
admission of only three patients at the discretion of the clinician 
as each case is individual and it may be that other factors were 
considered, for instance, the higher risk associated with 
penetration of the galea'® in the patient ‘hit with axe’. The low 
overall figure is an improvement on a study of head injury cases 
made just before the publication of these’* and similar‘? 
guidelines. which revealed that up to 20 per cent of those 
admitted in nine different centres did not fulfil admission 
criteria!7, 

The significant variation in compliance with the guidelines 
according to availability of the observation ward suggests this 
may be an important factor. Admitting a patient formally to a 
surgical ward usually requires review by two more clinicians 
from the surgical team and, since the observation ward is closed 
at unsociable times, there may be reluctance to waken or disturb 
colleagues. Admitting surgical registrars are also under great 
pressure to keep beds empty to avoid cancellation of routine 
lists. This pressure may be great in this hospital since it is a 
National Health Service Trust. 

The 31 per cent admission rate resulting from proper 
application of the guidelines to this series of patients with head 
injury would have resulted in an admission rate 14 per cent 
higher than that which actually occurred. This represents an 
extra 227 admissions a year in this hospital. A 31 per cent 
admission rate is also higher than rates of 15-28 per cent 
previously reported in other studies*5-!7 and it may be that 
further refinement of the guidelines will reduce this number and 
result in greater correlation with actual clinical practice. 
Another solution would be to allow more patients with 
borderline criteria to undergo close observation at home by 
responsible relatives. This is being initiated by giving all 
discharged head-injured patients a list of signs or symptoms 
that are of concern, but it is not suitable if observation is 
required throughout the night. 

This study has shown that guidelines have been successful 
in reducing the number of inappropriate admissions. However, 
there is now a situation in which only 52 per cent of patients 
with admission criteria are actually admitted. The fact that the 
proportion is more than halved when an accident and 
emergency department observation ward is not available 
suggests that bed availability and ease of admission are more 
important factors than recognized signs and symptoms. 
Guidelines were introduced to aid clinicians, but these may 
now be detrimental if they recommend admissions that are too 
great in number or impractical in nature. This discordance may 
be partly overcome by the wider use of observation wards or 
by future development of more stringent admission criteria. 
Otherwise, clinicians will continue to send patients home with 
signs or symptoms that warrant admission according to advice 
from an established ‘panel of experts’, action that is a danger 
medically to the patient and medicolegally to the clinician. 
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Helicopter Emergency Medical 
Service operating from the Royal 
London Hospital: the first year 


The additional workload on the support hospital created by using a 
helicopter for emergency trauma has been assessed in the first year of 
operation. A total of 135 patients were brought to the Royal London 
Hospital, of whom 30 died, 34 were transferred for convalescence or 
rehabilitation to another hospital, and 71 discharged home. The median 
Injury Severity Score was 17 (range 0-75) and 82 patients 
(60-7 per cent) had a reduced Revised Trauma Score at the scene. Blunt 
injury greatly outnumbered penetrating trauma (117 versus 15 patients). 
Accidental injuries accounted for 77-0 per cent of the total, self-inflicted 
wounds 14-1 per cent and assaults 8-9 per cent. Parameters employed 
to assess workload were hospital bed-days used (total 2361), operations 
(118, occupying 287 h of theatre time) and blood transfusion (total 702 
units used). The second 6-month study period showed a considerable 
increase in the number of patients admitted (102 versus 33) because of 
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A report in 1988 by The Royal College of Surgeons of England! 
called attention to the deficiencies of trauma treatment in the 
UK and called for the creation of trauma centres. To date one 
such centre (Stoke-on-Trent) has been funded for a trial period. 
Guidelines for systems of trauma care were laid down by the 
American College of Emergency Physicians? and revised in 
1987. In the same year Shackford et al.> reported that a trauma 
system improved survival in severely injured patients and this 
was attributed to the integration of prehospital and hospital 
care with expeditious surgery. 

A number of European countries have instituted systems 
enabling early medical intervention at the scene of an incident. 
In France and Germany these systems are supplemented by 
helicopters. The German system was considered outstanding 
by Trunkey*. 

Patients arriving at the Royal London Hospital with serious 
injury are received by a trauma team working on the principles 
of advanced trauma life support* led by consultant or senior 
registrar surgeons trained in these principles. Many of these 
patients now arrive via the Helicopter Emergency Medical 
Service (HEMS), which is fully integrated into the hospital 
system ahd London Ambulance Service emergency call-out 
system. 

The helicopter service has completed its first 12 months of 
operation using the landing pad on the roof of the Royal 
London Hospital. This paper considers the types of patient 
admitted and the subsequent workload imposed on the hospital. 

‘The helicopter system was instituted solely for the treatment 
of trauma®. The aircraft (Dauphin SH 365H; Aerospatiale, 
Marignane, France) is based, during daylight hours, on a 
purpose-built helipad constructed on the roof of a building that 
contains operating theatres and the accident and emergency 
department. These areas are linked by a dedicated lift. The 
aircraft is activated through the London Ambulance Service 
control room. The system is unique in the UK in that the 
aircraft carries a doctor on all missions. It is extensively 
equipped with removable monitoring and intensive care 
equipment that enables roadside and in-ambulance monitoring 
and treatment. A paramedic accompanies the doctor and the 
aircraft has a pilot and co-pilot. 

The Royal London Hospital already had all the necessary 
specialities for trauma care (other than a burns unit), including 
neurosurgery and cardiothoracic surgery. The Department of 
Health funded an additional eight beds for the project including 
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increased efficiency in call-out procedures. 


all necessary staff. The cost of the aircraft was borne by Express 
Newspapers. 


Patients and methods 


Missions and admissions 


Between September 1990 and August 1991 a total of 1077 missions 
were flown. Table 1 grades the missions according to the highest 
category pertaining to each flight. 

The 250 ‘A’ category missions resulted in 135 patients being brought 
to the hospital. Of these, 124 were carried by helicopter and 11 brought 
in by road ambulance after the aircraft had attended the incident. These 
11 patients were all accompanied by the helicopter service doctor with 
monitoring and treatment maintained to the same standard as would 
have pertained in the aircraft, and are included in this study. The 
remaining A category missions resulted in 126 patients being similarly 
transported to other suitable hospitals. A summary of the patients 
admitted to the Royal London Hospital is shown in Table 2. 


Table 1 Helicopter Emergency Medical Service missions, September 
1990 to August 1991 


Mission category* 
i Percentage 
A B C D Total aborted 





1990 ; 
September 8 4 15 44 7h 62 
October 10 14 22 60 106 57 
November 3 1 6 12 22 55 
December 7 3 13 26 49 53. 

1991 
January 9 5 25 42 81 52 
February il 8 18 32 69 46 
March 20 6 28 83 137 61 
April 34 5 35 56 130 43 
May 41 4 31 36 112° 32 
June 31 3 37 40 lil 36 
July 42 6 19 32 99 32 
August 34 5 31 20 90 22 

Total 250 64 280 483 1077 


*A, mission resulting in a patient flown or escorted to a hospital as a 
primary rescue; B, interhospital transfer; C, patient treated on the 
ground and sent to hospital or declared dead at scene; D, mission 
aborted 
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Table2 Details of 135 patients admitted to the Royal London Hospital 





Sex ratio (M:F) 95:40 
Age (years) 
<16 33 
255 15 
Median (range) ISS (based on AIS 90) 17 (0-75) 
Reduced Revised Trauma Score at scene 
Blunt injury* 117 
Penetrating injury* 15 
Multiregional injuriest 78 
Head injury (AIS >3) 63 
Died 30 





ISS, Injury Severity Score; AIS 90, Abbreviated Injury Score, 1990 
edition. *Three patients were not classified as having a blunt or 
penetrating injury (one near drowning, one smoke inhalation, one toxic 
gas inhalation); tinjuries of AIS >2 in each of two or more AIS body 
regions 


Table 3 Mechanisms of injury in 135 patients 





No. of patients 





Accidental 
Road traffic accident 
Pedestrian 37 
Vehicle occupant 22 
Motor cyclist 5 
Cyclist 4 
Fall 23 
Other 13 
Total 104 (77-0) 
Self-inflicted 
Jump from height 12 
Other 7 
Total 19 (14-1) 
Assault 
Stabbing 8 
Gunshot wound 4 
Total 12 (8-9) 





Values in parentheses are percentages 


The helicopter service doctor decided which hospital the patient 
should go to and whether this would be by land or air, accompanied 
or not. Protocols were developed based on those of Champion’; 
physiological parameters, mechanism of injury and apparent 
anatomical injuries were used as predictors of the level of risk to the 
patient. With a high risk of serious injury the patient will benefit from 
treatment at a multidisciplinary centre. Details of nearby hospitals were 
available to the HEMS doctor, including distances from the scene of 
the incident and the specialities available. Patients not admitted to the 
Royal London Hospital will be included in the independent evaluation. 

Admission rates to the Royal London Hospital increased from 33 
in the first 6 months to 102 admissions in the second period, although 
there were no statistical differences with respect to sex, age, blunt or 
penetrating injury, multiple trauma, head injury or Injury Severity 
Score (ISS), 


Injuries 

There was a preponderance of blunt injuries over penetrating wounds. 
The ISS was measured using the Abbreviated Injury Score, 1990 edition 
(AIS 90)®. Three patients (one near drowning, one suffering from smoke 
inhalation, one from toxic gas inhalation) could not be scored by this 
method. In the remaining patients the range was 0-75. The median 
ISS was 17; 76 patients (56-3 per cent) had ISS scores >16, the usual 
definition of serious injury. Eighty-two patients (60-7 per cent) had a 
reduced initial Revised Trauma Score (RTS)° at the scene. In all, 98 
patients (72:6 per cent) had a reduced RTS and/or ISS >16. The 
mechanisms of injury are shown in Table 3. 


Workload and staffing 


Bed occupancy, operating theatre times and the use of blood products 
were measured as parameters of workload. An additional number of 
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staff were employed to enhance support to the helicopter service. The 
pilots’ and controllers for the aircraft are employed by Express 
Newspapers and the paramedics by the London Ambulance Service. 
Thirteen nurses staffed the four-bed trauma unit. Although the most 
critically injured patients were still admitted to the intensive care unit, 
the trauma unit was equipped to deal with a similar severity of injury. 
During the period of study the equipment was enhanced so that all 
beds could accommodate patients undergoing ventilation. Five nurses 
augmented the staff of the intensive care unit; two were deployed to 
the accident and emergency department and one each to the renal unit 
and paediatric department. Four additional nurses were supported on 
the ENB199 (accident and emergency) course and a further four, 
awaiting the start of the next course, occupied rotational posts in 
various departments. A medical laboratory scientific officer was 
employed in the blood transfusion laboratory. 


Results 


Of the 135 patients, 11 died in the accident and emergency 
department and five in the intensive care unit within 6h of 
admission. A further two patients were transferred to other 
hospitals direct from the accident and emergency department, 
one to a psychiatric hospital and one to her local hospital 
having been brought from a rural area to the Royal London 
Hospital only because the local hospital. was fog bound. One 
patient, an infant, was admitted with her mother having been 
involved in a road traffic accident but proved to be unhurt and 
was discharged a few hours later. These 19 patients were 
excluded from the bed occupancy figures shown in Table 4 to 
give data on 116 patients. 

It was originally envisaged that a total of eight beds would 
be available (one on the intensive care unit, four on the trauma 
unit, three on general wards) but the mean occupancy was 6°5 
beds. In the first 6 months the mean was 3-7 beds but rose to 
9-2 beds in the second period, with a maximum on one day of 15. 

Of the 116 patients admitted, 14 died, 32 were transferred 
to other hospitals and 70 were discharged home. During the 
period under consideration 71 patients (52-6 per cent) required 
surgery, undergoing a total of 118 operations (emergency and 
subsequent) amounting to 287 h of theatre time. 

A detailed study of operating times was undertaken for the 
last 4 months of the study period, during which 66 patients 
were admitted and 38 (58 per cent) underwent surgery. A total 
of 59 operations were performed (Table 5). Times were taken 


Table 4 Bed occupancy for 116 patients 








Intensive Trauma General 
care unit unit ward Overall 
Patients admitted 41 83 86 116 
Total bed-days 160 523 1678 2361 
Patient stay (days) 
Mean 39 63 19-5 20-4 
Maximum 19 22 231 248 
Median 2 5 10 10 








Table 5 Operations on 38 patients brought in by the Helicopter 
Emergency Medical Service in the 4 months from May to August 1991 











Operating time 
Speciality No. of operations (h min) 
Orthopaedics 22 (37) 59 35 (38:3) 
Neurosurgery 15 (25) 36 20 (23-4) 
General 10 (17) 15 30 (10-0) 
Maxillofacial 6 (10) 16 40 (10-7) 
Transplant (organ harvesting) 1 (2) 4 40 (3-0) 
Cardiothoracic 1 (2) 2 40 (1-7) 
Plastic 1 (2) 1 15 (0-8) 
Multidisciplinary 3 (5) 18 45 (12:1) 
Total 59 (100) 155 25 (100) `- 
Values in parentheses are percentages 
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Figure 1 Blunt injuries in patients aged a <55 years and b >55 years. 
L, alive on discharge or at 3 months; D, dead. Circled patients are those 
with a Revised Trauma Score (RTS) estimation on arrival in hospital. 
(For clarity, 32 survivors with RTS 7-84 and Injury Severity Score < 16 
have been omitted) 
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Figare2 Penetrating injuries in patients <55 years of age. L, alive on 
discharge or at 3 months; D, dead. Circled patients are those with a 
Revised Trauma Score on arrival in hospital 


from induction of anaesthesia to leaving theatre; the recovery 
room period was not included. Of the 38 patients undergoing 
surgery in these 4 months, ten (26 per cent) had their first 
operation performed by a consultant surgeon, 17 (45 per cent) 
by a senior registrar and 11 (29 per cent) by a registrar. 
Thirty-three patients had surgery within 24 h and 22 within 4 h 
of admission. 

Eighty-six patients required blood transfusion, using a total 
of 702 (range 1-49, median 4-5) units. In all, 117 patients had 
blood cross-matched involving a total issue of 1229 units. Of 
the blood issued 57:1 per cent was used. Fresh frozen plasma 
was used in 30 patients (146 units) and 99 units of platelets 
were used in 11 patients. Four patients received cryoprecipitate: 
two received 6 units each, one received 20 units and one 24 
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units; each of these patients died. All patients admitted via the 
HEMS were subject to audit procedures, including trauma and 
injury severity scores (TRISS) methodology’® (Figures 1 and 
2). Only two patients aged 55 years or more received 
penetrating injuries and both survived. The RTS is normally 
calculated in the accident and emergency department when 
using TRISS methodology; however, in the present series this 
was not always possible. Fifty-two patients (38:5 per cent) 
arrived ventilated, thus rendering the RTS incalculable; data 
for these patients, plus four for whom the hospital information 
was incomplete, have been plotted using the ‘at-scene’ data. Of 
the 79 patients shown with an ‘in-hospital’ RTS, 44 had no 
change between the ‘at-scene’ and ‘hospital’ scores, 12 had a 
reduced score and the score of 23 had improved with treatment. 
Of the 44 unchanged scores, 41 were normal throughout. 


Discussion 

The effect of superimposing a helicopter service on a busy 
teaching hospital is significant. Preparatory enhancement of 
plant and staff resources is essential. Since the study period an 
extra occupational therapist has been recruited because of the 
importance of rehabilitation. Although a large proportion of 
patients are transferred to local hospitals or special units for 
continuation of rehabilitation, a considerable number remain 
within the Royal London Hospital for the majority of this 
treatment phase. There will be a reappraisal of staff levels to 
ensure a more appropriate distribution of the additional 
staffing. 

The high level of self-inflicted injury seen in this study creates 
additional difficulties because surviving patients require 
psychiatric and social work support. This is in addition to the 
normal help offered to victims of serious accidents for stress 
disorders. Adequate psychiatric cover is essential to centres 
dealing with large numbers of patients with trauma and there 
is a need for counselling of staff at all levels because the stress 
of dealing with the seriously injured is significant. 

Once the system had ‘settled down’ in the second 6-month 
period there was a mean of 17 patients per month admitted via 
the helicopter service. During the same period, a total of 1116 
patients with trauma were admitted to the Royal London 
Hospital. The helicopter service patients thus represented 
9-1 per cent of those with trauma admitted but had a 
disproportionately large impact on the system. 

The amount of surgery required was considerable; some 
50 per cent of patients underwent surgery within 24h, and 
one-third were operated on within 4 h of admission. This raises 
the question of the provision of an operating theatre specifically 
designated for emergencies. If the 4-month period studied in 
detail is typical, then the annual theatre usage would be 
approximately 180 operations occupying 470 h of theatre time. 

Some 70 per cent of all first operations were performed by 
consultants or senior registrars (over 75 per cent for those 
undertaken within 4h of admission). In 25 per cent of cases 
the first operation was performed by a consultant surgeon; this 
value compares well with the 5-6 per cent reported by the 
working party of The Royal College of Surgeons! in 1988. 

The laboratory workload has been evaluated only in terms 
of blood transfusion and blood products. Extrapolating the 
results from the second half of the year, an annual blood use 
of around 1000 units could be envisaged, requiring the 
cross-matching of 1800 units. The impact of the helicopter 
service on other parts of the hospital is considerable, 
particularly for the radiology, anaesthesia and biochemistry 
departments. 

TRISS methodology (Figures 1 and 2) was used as an audit 
to select patients in need of further investigation and is an 
essential component of the UK Major Trauma Outcome 
Study'!. The Royal London Hospital has participated in this 
study since April 1991. There are a number of difficulties 
associated with the audit method, the principal of which is the 
time at which the RTS is estimated. The present rules require 
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that the RTS be estimated from data obtained on arrival at 
hospital; once a patient has been intubated and ventilated the 
“score can no longer be measured. Fifty-two of the patients in 
this study were ventilated by the HEMS doctor before arrival 
at the hospital. These represent the most seriously injured but 
would be excluded from the audit. Where possible the time 
course of the RTS was monitored: values in 44 cases were 
unchanged between the scene and hospital; of these, 41 were 
normal throughout. Twelve patients had decreased and 23 had 
improved values during the period of observation; all these had 
had some form of treatment, usually oxygen and intravenous 
infusion, thus it is not possible to determine what the RTS on 
arrival at hospital might have been without such intervention. 
The graphs should be viewed in the light of these observations. 
The UK Major Trauma Outcome Study has started to collect 
prehospital data and at some stage in the future it may be 
possible to recalculate survival probabilities based on 
prehospital observation of RTS. 
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The coexistence of two distinct inherited diseases in one 
individual or family is rare. A family with a unique combination 
of inherited conditions, primary bhyperparathyroidism and 
severe classical haemophilia, is described. 


Case report 


A 54-year-old man was referred for assessment of hypercalcaemia. He 
provided a complex medical history including myocardial infarction, 
cerebrovascular accident and peripheral vascular disease. The serum 
calcium level was 2-71 (normal range 2:25-2:50) mmol/I with a 
concomitant measurable serum parathyroid hormone concentration of 
0:28 ug/l (C-terminal radioimmunoassay), confirming a diagnosis of 
hyperparathyroidism. The patient was not submitted to operation and 
died 6 years later from cardiac failure. 

At referral the patient reported that one of his daughters had 
hypercalcaemia and that all three of his sons had severe haemophilia. 
All six of the patient’s children attended for screening for hyper- 
parathyroidism. 


Results 


The results of screening the offspring of the propositus are 
summarized in Figure 1. One sister and two brothers were found 
to have hyperparathyroidism and all three males were 
confirmed as having severe haemophilia. Neck exploration was 
advised in the three family members with hyperparathyroidism. 
Operation in the two brothers was covered by infusion of factor 
VIII concentrate. 

At cervical exploration patients II.2, 11.4 and II.5 underwent 
3-5-, 3- and 3-5-gland subtotal parathyroidectomy respectively. 
Histological examination of the surgical specimens confirmed 
the presence of adenomatous hyperplasia. Current serum 
calcium levels remain normal 7, | and 5 years after operation. 

Normal serum calcium levels were found on screening of 
siblings II.1, 11.3 and II.6 and the two children of patient II.2 
(patients ITJ.1 and III.2). 


Discussion 


Sporadic hyperparathyroidism is a common disease’; familial 
hyperparathyroidism is seen much less often. The inheritance 
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Figure! Pedigree of a family with familial primary hyperparathyroidism 
and haemophilia. ©, Female; 0, male; m, hyperparathyroidism; 
a, haemophilia 


of familial hyperparathyroidism is believed to be autosomal 
dominant and the disease pattern in this family is in keeping 
with this hypothesis. 

The disease may result from solitary parathyroid adenoma?, 
multiple adenomas? or multigland hyperplasia*, the latter 
occurring most frequently. All three affected members in this 
family demonstrated multiple gland disease and were treated 
by subtotal parathyroidectomy rather than total para- 
thyroidectomy with forearm autotransplantation®. 

When familia! hyperparathyroidism is discovered, screening 
identifies additional affected family members. Many asympto- 
matic individuals with familial hyperparathyroidism eventually 
demonstrate complications?? and cervical exploration is 
therefore justified in these circumstances. 

The coexistence of familial hyperparathyroidism and 
haemophilia in this family is highly unusual. The concomitant 
presence of these two conditions within one family has probably 
occurred entirely by chance, each being inherited in a separate 
and unrelated fashion. 
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Phaeochromocytomas may be associated with other neoplasms 
as part of the multiple endocrine neoplasia (MEN) syndrome. 
Two cases are described of phaeochromocytoma and thymoma 
occurring concurrently, an association that has not previously 
been reported. 


Case reports 


Patient 1 

In April 1988, a 55-year-old man presented with a 2-week history of 
daily episodes of palpitations, severe headaches and sweating. The only 
abnormal finding was a blood pressure of 190/115 mmHg. Chest 
radiography suggested a small right hilar mass. Biochemical screening 
showed markedly raised urinary catecholamine levels with a vanillyl 
mandelic acid concentration of 240 umol/l. Abdominal computed 
tomography (CT ) demonstrated a 6-cm mass in the right adrenal gland 
involving the inferior vena cava (Figure 1). ! *'T-m-iodobenzylguanidine 
(MIBG ) scanning showed no uptake other than this, indicating that 
the shadow on the chest radiograph was probably not a metastasis. In 
July 1988, a benign phaeochromocytoma was uneventfully excised and 
the patient made a good recovery. 

Over the next few months, the shadow on the chest radiograph 
increased in size. A low gamma globulin count was noted and 
acetylcholine receptor antibodies were weakly positive. In February 
1989, an exploratory median sternotomy was performed and a benign 
thymoma was widely excised. 

At 3-year follow-up there has been no recurrence of either tumour 
and the patient remains well. 


Patient 2 

In June 1986, a 47-year-old woman presented with a long history of 
Intermittent sweating, chest pain and a weak voice. A mediastinal mass 
was discovered on chest radiography (Figure 2). On admission for 
anterior mediastinolomy, transient hypertension was noted After 





Figure 1 Abdominal computed tomogram showing a right adrenal 
phaeochromocytoma (arrow) 


0007-1323/93/020223-02 « 1993 Butterworth Heinemann Ltd 





i 


Figure 2 Posteroanterior chest radiograph showing u large thymoma 


Operation frank myasthenia developed, initially requiring ventilation 
but responding well to pyridostigmine. Some 2 weeks later an 
uneventful median sternotomy was performed and an invasive 
thymoma was excised with difficulty 

The myasthenia improved after operation but the episodes of 
sweating, agitation and hypertension continued, and eventually urinary 
catecholamine levels were found to be raised. CT and MIBG failed to 
localize the phaeochromocytoma, but selective venous sampling and 
digital subtraction angiography suggested the left adrenal gland. Ir 
February 1987, a benign phacochromocytoma was uneventfully excised 

Some 2 years later the thymoma recurred and the patient died from 
myasthenia and septic shock following chemotherapy. There was no 
clinical evidence of recurrence of the phacochromocytoma 


Discussion 
Neuroendocrine malignancies are often multiple and are 
grouped under the various MEN syndromes. It is perhaps 
surprising that tumours of the thymus are not more frequently 
associated with other endocrine neoplasms. There have been 
isolated reports of thymoma associated with hyperparathyroid- 
ism and MEN type I syndrome? *, but the author could find 
no previous reports of thymoma associated with phaeochromo- 
cytoma or MEN type II syndrome. This association was noticed 
during a review of the 34 thymomas resected at this unit over 
the past 10 years. Although the association of one phaeo 
chromocytoma in this series may have been the result of chance, 
the occurrence of two such cases was rather striking and justified 
this report 

Carcinoid tumours are more commonly associated with 
MEN syndromes. In one review of the world literature’ there 
were 65 such cases, although only 15 arose in the thymus 
Thymoma and thymic carcinoid have occasionally been 
confused in the past, but in the two cases presented here the 
classical lymphocytic and epithelial elements of a true thy moma 
were seen 

Although it is difficult to make recommendations from two 
sporadic cases, it would seem sensible to Suggest that all patients 
presenting with a phaeochromocytoma have their chest 
radiograph closely examined and that a detailed history of 
vasomotor symptoms be taken from those with thymoma 
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The recognized mechanical complications of peritoneal dialysis 
include hernia, leakage, inadequate drainage. abdominal wall 
or scrotal oedema, pain, bleeding., intraperitoneal catheter loss, 
intestinal haematoma and perforation’. The previously 
unrecognized mechanical complication of vomiting secondary 
to dialysis fluid encysted within the lesser sac is reported. 


Case report 


In 1989 a 72-year-old woman with ischaemic heart disease was admitted 
for investigation of severe peripheral vascular disease. Some 20 years 
earlier she had suffered from bilateral tuberculous nephritis and 
undergone a right nephrectomy. which resulted in borderline renal 
failure. Renal function gradually deteriorated. and by 1983 continuous 
ambulatory peritoneal dialysis was required. Initially there were no 
problems with this treatment. Arterial investigations revealed 
reconstructable disease. so the patient underwent right femoropopliteal 
bypass grafting. After operation the woman developed persistent 
vomiting and could tolerate neither liquids nor solids. There was no 
abdominal pain or distension and no obvious cause could be found: 
the patient had normal haematology, stable biochemistry, no digoxin 
toxicity and had received no new medication. On the fourth day after 
operation a barium meal (Figure I} showed the stomach to be stretched 
over a mass in the lesser sac: no other lesions were identified. Some 2 
days later the patient suffered a cardiac arrest but received immediate 
successful cardiopulmonary resuscitation. The following day the 
vomiting had cleared and she could eat without difficulty: no further 
action was therefore taken, During the subsequent months dialysis was 
converted to haemodialysis because of difficulty with peritoneal dialysis 
at home. Almost | year after operation the patient was admitted to 
the renal ward with lethargy. loss of appetite and failure to cope at 
home. A barium meal showed that the mass in the region of the lesser 
sac was no longer present. The patient improved with continued 
haemodialysis and was discharged home. 


Discussion 


The lesser sac is a well recognized site for localized fluid 
collections. The causes include pancreatic pseudocyst and 
malignancy, posterior gastric ulcer perforation, cerebrospinal 
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Figure | a Anteroposterior and b lateral barium meal showing the 
stomach stretched anteralaterally over a fluid collection in the lesser sac 


fluid? and haematoma®. Peritoneal dialysis fluid does find its 
way into the lesser sac. but distribution studies suggest that 
normally this site represents 1—3 per cent by volumet. In the 
present patient the stomach was stretched over an unusually 
large collection of dialysis fluid within the lesser sac. It is 
presumed that, as with pseudocysts, the pressure of the fluid 
on the stomach resulted in the continuous vomiting. | 

It was interesting that during the period after arrest the 
patient had no vomiting. This resolution of symptoms could 
be explained if the forces exerted during cardiac massage had 
dispersed the fluid from the lesser sac. Because the patient had 
become asymptomatic no further assessment of the lesser sac 
was carried out until the second barium swallow on subsequent 
admission: this showed a normal gastric outline with no 
distortion. 

This complication has not been previously reported. As large 
numbers of patients undergo continuous ambulatory peritoneal 
dialysis. it is a diagnosis to bear in mind in any case of 
unexplained vomiting. 
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The greatest effect of laparoscopy in operative surgery is in the 
rapid postoperative recovery of patients compared with that 
after laparotomy. This rapid recovery accrues from reduced 
injury to the abdominal wall with consequent reduction in 
postoperative pain and has led to the recent change from open 
to laparoscopic cholecystectomy'. Laparoscopic techniques are 
now being extended to other major abdominal operations? *. 
New and complex instruments are being devised for 
intraperitoneal bowel anastomosis. However, in the majority 
of patients an abdominal wound will be needed to remove the 
resected specimen from the peritoneal cavity. As a result there 
may be no advantage to performing anastomosis within the 
abdominal cavity if the segment of intestine to be resected could 
be exteriorized through a similar incision. An approach to small 
bowel resection that combines the advantages of laparoscopy 
with those of open resection and anastomosis is described. 


Surgical technique 


In three patients diagnostic laparoscopy was performed through an 
incision below the umbilicus, using a 10-mm 0° telescope. The clinical 
details are given in Table 1. In two cases a barium study had shown 
a typical malignant stenosis and laparoscopy was performed to assess 
resectability, tumour invasion and distal metastases. In the third 
patient, laparoscopy was performed for acute abdominal pain and a 
large haemorrhagic jejunal diverticulum was found. 

The lesions were freely mobile and were easily brought to the 
umbilicus using two accessory 5-mm laparoscopic cannulas and 
non-toothed grasping instruments. Although the primary tumours were 
mobile, patients 1 and 2 both had extensive nodal metastases that made 
curative resection impossible. A short midline incision was made by 
extending the infraumbilical incision to 3-5 cm, so as to exteriorize the 
segment of intestine. The blood supply was ligated and divided at the 
root of the mesentery, and the intestine was divided. End-to-end 
anastomosis was performed with a single layer of continuous absorbable 
polydioxanone sutures and the bowel was returned to the abdominal 
cavity. 
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Table | Patient details 





Patient Age 

no. Sex (years) Diagnosis 

I 76 Mid-jejunal carcinoma 
2 F 24 Mid-ileal carcinoma 

3 32 Jeyunai diverticulum 





Operative time ranged from 60 to 90 min. Postoperative recovery 
was without complication. Patients were fully mobile on the day after 
surgery and were discharged from hospital 3-5 days later. Narcotic 
analgesia was not required; no postoperative paralytic ileus was seen, 
Histological examination confirmed adenocarcinoma with extensive 
lymph node involvement in two cases. 


Discussion 


This method of laparoscopic identification and mobilization of 
intestinal lesions allows a loop of intestine to be exteriorized 
through a small abdominal incision no bigger than that required 
to remove the primary tumour. It therefore affords the 
advantages of a laparoscopic operation (minimally invasive 
diagnosis and mobilization) while allowing a safe and easy 
anastomosis to be performed on the body surface. The operative 
time is similar to that required for full laparotomy and resection: 
specialized instruments may be advantageous but are not 
essential. The lesions were easily mobilized without any greater 
manipulation than at open operation. A similar technique has 
been used to remove an inflamed Meckel’s diverticulum’. The 
advantage of less postoperative pain is evident subjectively. In 
addition, the adequacy of resection of locally invasive tumours 
and the success of laparoscopic lymph node dissection wil] need 
to be monitored when operation is performed with curative 
intent. 
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Crohn's disease and anastomotic 


recurrence: microvascular 
ischaemia and anastomotic 
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recurrence after resection for Crohn’s disease. This hypothesis was 
explored in a ferret model of multifocal intestinal infarction. At 
laparotomy, isolated loops of small intestine were injected intra- 
arterially with styrene microspheres (test loop) or saline (control). At 
a second laparotomy 72 h later, test and control loops were divided and 
an end-to-end anastomosis performed between test loops (n = 2), test 


and control loops (n = 9) or control loops (n = 2). Abnormalities 
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Recurrence at the anastomosis after surgical resection is a 
frequent and unexplained feature of Crohn's disease. Rutgeerts 
et al. +? found endoscopic evidence of disease recurrence in over 
70 per cent of patients within | year of surgery. Malchow et 
al, reported such recurrence in 82 per cent of patients by the 
third month after operation, suggesting this is an early event 
after surgical resection®. The creation of an anastomosis in 
patients with Crohn’s disease may exacerbate this condition at 
the site of the anastomosis. 

Multifocal granulomatous vasculitis has recently been 
demonstrated in segments of intestine affected by Crohn's 
disease**:; the majority of granulomas in this condition arise 
as foci of vasculitis. These lesions may be present in any layer 
of the bowel wall but are located most frequently within the 
submucosal vascular plexus*. Their presence in macroscopically 
normal bowel suggests that they are early elements in the 
development of Crohn’s disease*~”. Chronic intestinal ischaemia, 
as a consequence of these occlusive vascular lesions, might 
account for many of the features of the disease including 
ulceration, transmural inflammation and fibrosis. 

In an attempt to explain the discontinuous distribution (skip 
lesions) of Crohn’s disease, an animal model of multifocal 
gastrointestinal infarction has recently been developed®. This 
involves arterial embolization of ferret intestine with styrene 
microspheres of a diameter chosen specifically to occlude the 
submucosal microvascular plexus. A combination of 27- and 
90-um microspheres at a concentration of 20000- 30.000 
microspheres per cm bowel produced acute transmural 
inflammation and mucosal ulceration at 24-48 h, but within 
72h the mucosa was regenerated®. 

The capacity of the intestine to heal after a localized 
devascularization, such as at an anastomosis, depends largely 
on the integrity of the submucosal plexus, which is the major 
collateral circulation within the bowel wall’. In Crohn’s disease 
the submucosal plexus of macroscopically normal bowel is 
already compromised by vasculitist*. The additive effect of 
dividing the bowel, which may remove up to 50 per cent of the 
collateral circulation, may produce localized ischaemia 
sufficient to induce chronic inflammation. The present study 
explored this hypothesis in an animal model of submucosal 
microvascular occlusion®. 
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including chronic transmural inflammation, ulceration and granuloma 
formation were identified 2 weeks after the second operation in ten of 
the 11 surviving animals; changes were confined to the test loops and 
were most prominent adjacent to the anastomosis. No abnormalities 
were seen in control loops. The combination of two self-limiting 
ischaemic insults can produce a pattern of intestinal inflammation similar 
to that seen in anastomotic recurrence in Crohn’s disease. 


Materials and methods 


Home Office approval was obtained for all procedures. Female ferrets 
of mean weight Ikg were used: the anaesthetic and laparotomy 
techniques have previously been described®. 


Initial procedure 

At laparotomy, a combination of 27- and 90-um diameter styrene 
microspheres (Sigma Chemicals, Poole, UK) at a concentration for 
each size of 10000-15000 microspheres per cm bowel length were 
injected intra-arterially into a suitable section of mid-gut (test loop) 
as previously described*. 

A second portion of bowel (control loop), two vascular arcades 
distal to the test loop, was used for a sham procedure in which isotonic 
saline without microspheres was injected. Test and control loops were 
marked with silk sutures in the mesentery. The abdomen was closed 
using a mass closure technique with Prolene (Ethicon, Edinburgh, UK) 
sutures. The skin was closed with interrupted silk sutures. 


Secondary procedure 

At 72h. test and control animals appeared well and stool consistency 
and colour were normal. A second laparotomy was then performed, 
the timing being based on the observation of complete mucosal 
regeneration®. The test and control loops were reidentified and any 
macroscopic abnormalities noted. 

In the first experiment (group 1; n = 2), test and control loops were 
divided at their mid-point and a full-thickness segment 0-2-cm long 
removed and placed in formalin for histological examination. The ends 
were then anastomosed (test loop to test loop, or control loop to 
control loop), a one-layer seromuscular anastomosis being performed 
using interrupted 8/0 Vicryl (Ethicon), In the second experiment 
(group 2; n= 11), the test and control loops were divided at their 
mid-point and the distal half of the former and proximal half of the 
latter removed in continuity and placed in formalin. An end-to-end 
anastomosis was then created between the test loop proximally and 
control loop distally. 

To examine the 2-week morphological changes in intestine subjected 
to either intra-arterial microsphere embolization or anastomosis with 
no other surgical manipulation, two control animals (group 3) 
underwent intra-arterial injection of microspheres alone with no 
anastomosis and two (group 4) anastomosis alone without microsphere 
treatment. 
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Terminal procedure 

All animals were killed 2 weeks after the secondary procedure; terminal 
laparotomy was performed as previously described”. Serial tissue blocks 
were cut from test and control loops. In addition, single representative 
blocks were taken from the test loop § cm proximal to the anastomosis 
and areas of normal intestine proximal and distal to the anastomosis, 
well away from test and control loops. A minimum of 20 tissue blocks 
from each animal were paraffin-processed and sections from these 
stained with haematoxylin and eosin. All sections were coded and 
reviewed in a blind fashion. 


Results 


A total of 17 ferrets were studied. Two from group 2 died: one 
from unknown cause during the second laparotomy, and one 
36 h after second laparotomy with an obstructed anastomosis 
(technical failure ). Findings in the remaining 15 are described. 


Secondary procedure 

Macroscopic appearance. At 72 h all control loops appeared 
normal. There was a variable appearance of the test loops: 
eight looked normal or were slightly erythematous or 
oedematous, and the other three exhibited patchy inflammation 
and oedema with marked petechial haemorrhage in the adjacent 
mesentery (Figure 1). In these latter three animals division of 
the intestine before anastomosis was performed through an area 
with least macroscopic inflammation. 


Microscopic appearance. All sections taken from test loops 
before anastomosis contained microspheres, except those from 
one animal in group 2. Microspheres were seen in the 
submucosa and occasionally within vessels in the lamina 
propria, and were surrounded by discrete aggregates of 





Figure 1 Macroscopic appearance of test loop 72h after injection of 
microspheres, showing patchy serosal inflammation 





Figure 2 Microscopic appearance of test loop 72h after injection of 
microspheres, showing focal aggregates of chronic inflammatory cells 
around microspheres in the submucosa ( centre field); the mucosa is intact. 
(Haematoxylin and eosin stain, original magnification x 50) 
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Figure 3 a Macroscopic appearance of group 2 anastomosis 2 weeks 
after the secondary procedure. Test loop ta the left of the anastomotic 
line (indicated by forceps) shows gross inflammation, in contrast to the 
normal appearance of the control loop to the right of the anastomosis 
b Same specimen following perfusion with Indian ink. Normal perfusion 
of the control loop contrasts with patchy perfusion of the test loop with 
areas of underfilling (arrows) 


lymphocyte- and macrophage-like cells (Figure 2). In these 
sections there was no transmural inflammation or mucosal 
ulceration. Sections taken from the control loops before 
anastomosis showed no histological abnormality. 


Terminal procedure 

Macroscopic appearance. The only animals showing 
macroscopic changes at terminal laparotomy were three in 
group 2; these changes were confined to the test loops and 
consisted of mild serosal erythema, fibrinous adhesions or gross 
inflammation (Figure 3a). All anastomoses had healed. Test 
loops perfused with Indian ink exhibited a variable appearance: 
nine showed no perfusion defects and two patchy perfusion 
with areas of underfilling (Figure 3b). Control loops showed 
no perfusion defects when injected with Indian ink. In test and 
control anastomoses the ink, when perfusing preferentially one 
side of the anastomosis, did not cross the anastomotic line to 
perfuse the other side. 


Microscopic appearance. A total of 401 sections were 
reviewed from the 15 animals with a minimum of 20 and 
maximum of 44 from each. 

Sections taken from the four control anastomoses in groups 
1 and 4 showed no histological abnormality (Figure 4) other 
than an occasional foreign-body granuloma associated with 
suture material. None of the nine animals in group 2 had 
evidence of inflammation on the control loop side of the 
anastomosis; there was no residual inflammation around 
microspheres in the two group 3 animals at 2 weeks. 

The surgical procedures and microscopic findings in each 
group are summarized in Figure 5. Of the sections taken from 
group | (n = 2) and group 2 (n = 9) only one loop contained 
no microspheres or inflammation; this was possibly the result 
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Figure 4 Control anastomosis. Blood vessels of both the proximal and 
distal loops have filled with Indian ink. There is no mural inflammation. 
(Haematoxylin and eosin stain, original magnification x 50) 


A to B A to D C toD 
(n=2) (n=9) (n=2) 
A B cD 







Control 
loop loop 
Proximal Distal 


Figure 5 Summary of operative procedures and histological findings in 
the 11 surviving animals in groups 1 and 2 at 2 weeks. A, B, C, D, 
anastomotic margin; o, microsphere. Inflammation was observed at A 
and B in group | and at A in group 2. There was no inflammation at 
either C or D in group 1, or at D in group 2 





Figure 6 Transverse section of a test loop of a group 2 animal 0'5 cm 
proximal to the anastomosis. Mucosa on diametrically opposed sides 
shows inflammation and ulceration. Transmural inflammation is seen in 
the centre and lower half of the field. ( Haematoxylin and eosin stain, 
original magnification x 50) 


of an unrecognized technical error in the preparation of the 
microspheres. The other ten loops all had evidence of 
inflammation ranging from mucosal and/or submucosal (ten 
animals) to transmural (nine) (Figure 6) and frank ulceration 
(six) (Figure 7); inflammation was extensive, including 
granuloma formation, and associated with the presence of either 
suture material or microspheres (Figure 8). In four animals 
occasional submucosal granulomas were seen that had no 
apparent relationship to either suture material or microspheres 
in serial sections (Figure 9). 

Inflammatory changes were consistently more severe in 
sections taken from tissue blocks adjacent to or within 1 cm of 
the anastomosis. These changes became progressively less 
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Figure 7 Test loop of a group 2 animal adjacent to the anastomosis 
with ink-filled blood vessels. An intra-arterial microsphere is present 
(arrow). The centre field shows ulceration and inflammatory material; 
the ulcer base has penetrated almost the full thickness of the bowel wall. 
(Haematoxylin and eosin stain, original magnification x 50) 





Figure 8 Test loop of a group 2 animal adjacent to the anastomosis 
with occasional ink-filled blood vessels. Intense transmural inflammation 
can be seen, particularly around suture material (arrows). (Haematoxylin 
and eosin stain, original magnification x 50) 





Figure9 Granuloma in the submucosa of a test loop of a group | animal. 
The granuloma is not related to either microspheres or suture material. 
The granuloma in the centre of the picture consists of histiocytes, a giant 
cell and lymphocytes; on either side are blood vessels (arrows) filled with 
ink. (Haematoxylin and eosin stain, original magnification x 1000) 


severe in successive sections moving away from the 
anastomosis; in animals from grc 1p 1 they were seen in test 
loops on both sides of the anastomosis. 


Discussion 


The present study illustrates the critical role of the submucosal 
collateral plexus in the healing of an intestinal anastomosis. 
The model involves two acute vascular insults that on their 
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Own cause only transient damage to the intestinal mucosa with 
full healing after 2 weeks. The two insults together caused 
further ischaemia severe enough to produce obvious histo- 
logical changes at 2 weeks but not to prevent healing of the 
anastomosis. The histological changes observed are similar to 
the chronic lesions characteristic of Crohn’s disease. These 
include the relationship of histological inflammation to the 
anastomosis and its location on one or both sides of the 
anastomosis, depending on the original site of intestinal lesions 
before resection!®, the discontinuous and full-thickness 
distribution of the chronic inflammatory infiltrate, and mucosal 
ulceration. 

The observation of isolated granulomas and intense 
granulomatous inflammation in relation to foreign material in 
the test loops suggests that chronic ischaemia may induce or 
propagate granulomatous inflammation. It is possible that foci 
of necrotic collagen caused by trauma or ischaemia could result 
in an inflammatory and granulomatous reaction, as has been 
proposed for Wegener’s granulomatosis'?. 

The anastomotic recurrence of Crohn’s disease is usually 
proximal to the anastomosis, but there is a reduction in disease 
activity if the anastomosis is defunctioned'?. An oedematous 
anastomosis produces narrowing of the intestinal lumen and 
intraluminal pressure rises proximal to an intestinal stricture!>, 
thus adding a third insult to the vascular supply at this site. 
Stricturoplasty may allow healing of diseased bowel by the relief 
of subacute obstruction with a consequent improvement of 
blood flow in the bowel wall. The present model is being used 
to investigate the relative roles of intraluminal pressure and 
luminal contents on microvascular ischaemia and associated 
inflammation. 

The present study demonstrates that imposition of an 
anastomosis on an impaired submucosal collateral circulation 
leads to chronic inflammation of, and damage to, affected 
bowel. With a previous demonstration of granulomatous 
vasculitis and multifocal gastrointestinal infarction in Crohn’s 
disease*->, the present study provides a possible explanation 
for the frequent localization of recurrent Crohn’s disease at the 
site of surgical anastomosis. i 
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Femoral hernia: intestinal 
obstruction is an unrecognized 
source of morbidity and mortality 


A total of 180 consecutive femoral hernia repairs, consisting of 100 
emergency and 80 elective admissions between January 1979 and 
December 1986, were reviewed. Morbidity was greater in the emergency 
than in the elective group (P < 0-01) and was significantly related to 
intestinal obstruction (P < 0-001), a feature not previously highlighted. 
Intestinal obstruction also had an important association with mortality, 
which was confined to patients undergoing emergency surgery. Patients 
with intestinal obstruction are a high-risk group and require careful 
perioperative management. Wound infection predisposed to recurrence 
of femoral hernia (P < 0-01). Repair of recurrent hernia in patients 
treated electively was associated with an increased incidence of chest 
infection (P < 0-001). Prophylactic measures, including antibiotics, 
may help to reduce recurrence and its associated morbidity. Patients 
referred with an inguinal lump or hernia, as opposed to a femoral hernia, 
had a later outpatient appointment and consequently a later operation 
date (P < 0-02). All elderly patients referred with any groin lump should 
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Femoral hernia repair may be associated with considerable 
morbidity and mortality’. Emergency surgery, advanced age, 
cardiorespiratory disease and delay in diagnosis contribute to 
mortality!~*. Morbidity has been analysed in a few series and 
is greater in patients presenting as an emergency”. This study 
of 180 consecutive femoral hernia repairs attempts to identify 
important factors affecting morbidity and mortality. 


Patients and methods 


All patients admitted between January 1979 and December 1986 with 
a diagnosis of femoral hernia were identified. The hospital notes up to 
December 1990 were reviewed. The study group consisted of 180 
consecutive patients undergoing femoral hernia repair. Data were 
collected prospectively on a standardized pro forma. Referral modes 
and details, clinical presentation, investigations, operative details and 
postoperative course were recorded. Analysis of variables was made 
using the x? test with Yates’ correction. 


Results 


General features (Table 1) 


The main points of difference between the elective and 
emergency groups were age >70 years (P<0-O001) and 
associated cardiorespiratory disease (P < 0-01). 


Intestinal obstruction : 
Bowel obstruction was present in 39 per cent of patients 
undergoing emergency surgery, excluding one with carcinoma 
of the caecum and another with ascites from ovarian carcinoma. 
Those with obstruction differed from the group as a whole: the 
former had a less frequent history of a groin lump (P < 0-001), 
an increased history of constipation (P < 0-01) and frequently 
a preoperative serum urea level >8-0 mmol/l (P < 0-02). On 
the other hand, patients who had bowel resected but did not 
have obstruction showed no significant difference in the 
distribution of clinical features except for delay in presentation 
>48 h (P < 0-01). Delay in presentation was also characteristic 
of the group with obstruction (P < 0-001) (Table 2). 


Elective referrals 
Letters of referral were traceable in 70 (88 per cent) of the 


receive an early outpatient appointment. 


elective group. A correct diagnosis of femoral hernia was made 
by the general practitioner in 28 patients (40 per cent). The 
majority of these (83 per cent) were seen within 4 weeks as 
opposed to 52 per cent of the remaining patients who were 
referred with an inaccurate diagnosis (21 as inguinal hernia, 14 
as a non-specified groin lump, seven for miscellaneous reasons). 
Accuracy of diagnosis was improved by 37 per cent (26 patients) 
at the outpatient visit. 


Table 1 General features of the study groups 














Elective Emergency: 
surgery surgery 
{n = 80) {n = 100) 
Sex ratio (F:M) 59:21 77:23 
Right: left* 49:28 76:20 
Mean age (years) 54°5 14-7 
>70 years (%) 31 68 
Cardiorespiratory disease (%) 12 30 
Groin lump for >1 year (%) _ 34 24 
General anaesthesia (%) 91 %9 . 
Approach to hernia (low:high) 80:0 68:32 
Mean hospital stay (days) 55 9-9 


*Three hernias were bilateral in the elective group and four in the 
emergency group 


Table 2 Statistically significant features of patients with intestinal 
obstruction 


Bowel resection Total for 





Intestinal without emergency 
obstruction obstruction group (%) 
(n = 39) (n = 16) (n= 100) 
History 
Groin lump 13 (33) 10 (62) 56 
Recent constipation 22 (56) 5 (31) 39 
Delay >48 h* 22 (56) 5 (31) 38 
Urea level >80 mmol/l 20 (51) 4 (25) “35 


Values in parentheses are percentages. “Mean delay for emergency 
group 3-2 days 
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Table 3 Complications of femoral hernia repair 








Emergency Elective 
surgery surgery Total 
(n = 100) (n=80) (n= 180) 
Patients with complications 31 (31) 11 (14) 42 (23:3) 
Complication 
Chest infection 10 (10) 4 (5) 14 (7:8) 
Cardiac 0 9 (5-0) 
Wound infection 7(7) 2 (2) 9 (5-0) 
Urinary infection 7(7) 2 (2) 9 (5-0) 
Renal failure 3 0 3 (1-7) 
Deep vein thrombosis 2 0 2 (1:1) 
Barry stricture 2 0 2 (1-1) 
Adhesions 2 0 2 (1-1) 
Recurrence of femoral 1 (1) 4 (5) 5 (2:8) 
hernia 
Transient femoral 0 (0) 1 (1) 1 (0-56) 
paraesthesia 
13 56 


Total 43 


Values in parentheses’ are percentages 


Table 4 Morbidity and mortality in the emergency subgroups 





Patients with 
Subgroup obstruction Morbidity Mortality 
Bowel resection 17 13 (10) 4 (2) 
(n = 33) 

Viable bowel (n = 30) 18 11 (8) 2 (1) 
Empty sac (n = 15) 2 3 (2) 0 
_ Other {n = 22) 2 4 (2) 2 (1) 
Total (n = 100) 39 31 (22) 8 (4) 


Values in parentheses are patients with intestinal obstruction who 
developed complications or died 


Mortality 


Death was confined to patients undergoing emergency 
operation and the mortality rate was 4-4 per cent for the whole 
series. Age >70 years was associated with an increased 
mortality rate (P < 0-02). Four of the eight patients who died 
had clinical intestinal obstruction; four had required bowel 
resection. The main causes of death were cardiac and 
respiratory. In two patients, both presenting with intestinal 
obstruction, the main mode of death was renal failure; advanced 
age (89 and 99 years) and late presentation were important 
contributory factors. Surgical approach did not affect the 
mortality rate significantly. However, a subgroup of nine 
patients, who initially had a low approach and subsequently 
‘required a high incision, had a higher mortality rate 
(22 per cent) compared with the remaining patients who had 
bowel resection (8 per cent). 


Morbidity 

Elective group. Morbidity was lower in the elective group 
(P < 0-01). Eleven patients in that group developed compli- 
cations (Table 3). Five of these had previous ipsilateral hernia 
repairs (two femoral, three inguinal); they accounted for all 
the four chest infections in the elective group. There were two 
wound infections; both were later complicated by recurrence 
of the femoral hernia. 


Emergency group. Early and late complications occurred in 
31 patients; multiple complications were present in eight of 
these (Table 3). Respiratory and cardiac causes accounted for 
50 per cent of the early complications. Seven wound infections 
occurred in patients who underwent bowel resection, all of 
whom had clinical features of intestinal obstruction. Broad- 
spectrum antibiotics had been used. Three patients developed 
renal failure; two presented with intestinal obstruction. The 
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Table 5 Morbidity and mortality rates in emergency patients with 
obstruction and/or resection of bowel 





Complication rate Mortality rate 





No obstruction 
No resection (n = 45) 6 (13) 2 (4) 
Resection (n = 16) 3 (19) 2 (12) 
Obstruction 
No resection (n = 22) 12 (55) 2 (9) 
Resection (n = 17) 10 (59) 2 (12) 


Total (n = 100) 31 (31) 8 (8) 


Values in parentheses are percentages 


Table 6 Effect of surgical approach on morbidity and mortality in 
patients with bowel in the hernia sac i 








Low with 
Low High subsequent 
approach approach high approach 
(n = 26) (n = 28) (n= 9) 
Age >70 years 19 (73) 22 (79) 6 (67) 
Sex ratio (F:M) 20:6 20:8 6:3 
Intestinal obstruction 15 (58) 15 (54) 5 (56) 
Bowel resection 11 (42) 13 (46) 9 (100) 
Morbidity 9 (35) 11 (39) 4 (44) 
(no. of patients) 
Mortality 3 (12) 2 (7) 2 (22) 





Values in parentheses are percentages 


most important clinical index of complications was the presence 
of intestinal obstruction (P < 0-001). Bowel resection was also 
associated with a high incidence of postoperative complications, 
but this association was not statistically significant (Tables 4 
and 5). The effect of surgical approach on morbidity was 
analysed in the high-risk group of patients with bowel in the 
hernia sac (Table6). No significant difference was found 
between the high and low approaches. However, Barry 
stricture, an ischaemic stricture resulting from strangulation of 
the small bowel in a hernia*, was a complication of the low 
approach in two cases. 


Recurrent femoral hernia 

During the period 1979-1990 there were ten repairs of recurrent 
femoral hernia. Five patients underwent primary repair before 
1979 and five in the period 1979-1986 (study group). Analysis 
of these recurrences showed 40 per cent with wound infection 
at the primary repair. This association was significant when 
recurrences in the study group were compared with those in 
the overall group (P < 0-01). 


Discussion 

The bowel resection rate in the emergency group in this series 
was 33 per cent and the mortality rate 8 per cent, similar to 
that of other series with comparable resection rates?. However, 
despite the emphasis placed on the role of bowel resection*’*, 
resection rate does not always reflect mortality rate (Table 7). 
Although intestinal obstruction may be a common form of 
presentation of emergency femoral hernia’, its effect on 
mortality and morbidity has not previously been analysed. In 
this series 39 per cent of patients in the emergency group 
presented with intestinal obstruction. There was no significant 
difference in intestinal obstruction rate in patients with viable 
as opposed to resected bowel. Intestinal obstruction had an 
equally important association with mortality as bowel 
resection. The association with morbidity was highly significant 
for obstruction but not for bowel resection. Since two-thirds 
of patients with intestinal obstruction lacked a history of a 
groin lump and all had a palpable swelling, early diagnosis 
depends on examination of the groin. Delay in presentation 
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Table 7 Literature reports of emergency femoral hernia repair 








Total 
Patients with operative Mortality rate 
emergency Delay before Resection Obstruction Total mortality for bowel 
Reference Study period femoral hernia Age (years) presentation rate (%) rate morbidity rate (%) resection (%) 
Waddington® 1965-1969 TI Mean 63 389% >2 days 20 ~ — 14 — 
(range 30-90) 
Wheeler? 1963-1973 44 Range 19-86 — 27 — 23 0 
(13 early, 10 lato) 
Blake and Lynn! 1969-1975 70 Mean 81:8 — 22:8 _ — 171 25 
(rangs 75-97) 
Andrews? 1974-1979 n Range 0-100 — 180 _ — 150 — 
Tasker* 1974-1980 38 Mean 65:1 Moan 4-28 days 3146 — 26 eariy 158 416 
{range 2-92) 
Nicholson et al.? 1976-1980 63 68% >65 years — 49 (58% with — 80 — 
obstructive 
: symptoms) 
Brittenden et al * 1980-1990 44 Mean 729 Mean 1-4 days 9 — 13 early 50 — 
(range 20-100) 





causes uncorrected losses of fluid and electrolytes?. In the 
obstructed group, 56 per cent of patients presented 48 h after 
the onset of symptoms and 51 per cent had a serum urea level 
> 8-0 mmol/l. Abdominal distension resulting from obstruction 
causes further embarrassment in an elderly population with a 
high prevalence of cardiorespiratory disease. Adequate re- 
suscitation and preparation for surgery without undue delay 
are necessary. Careful attention to perioperative fluid and 
electrolyte balance is important to prevent and counteract renal 
failure, an important contributor to morbidity and mortality 
in this series. 

Mortality and morbidity rates were similar in comparable 
high-risk groups of patients undergoing a low or high approach 
to the hernia. A high approach has recently been reported to 
be associated with very low mortality and morbidity rates®. In 
the present series the low approach was disadvantaged by its 
association with two cases of Barry stricture, which did not 
occur with the high approach. This may be the result of better 
visualization and easier manipulation of the bowel in the latter 
approach, which the author recommends in emergency patients. 
Because of its lower incidence of recurrence the McEvedy 
approach’ is favoured. 

The femoral hernia recurrence rate of 2:8 per cent compares 
well with those of other studies’. Wound infection at the initial 
repair was an important aetiological factor. Careful long-term 
follow-up of infected hernia wounds should allow early 
detection and elective repair so as to avoid emergency repair 
of recurrence, which is associated with higher rates of bowel 
resection and mortality*. The high incidence of postoperative 
chest infection after repair of recurrence in the present series 
and the high risk of further recurrence!® justify the prophylactic 
use of broad-spectrum antibiotics in this group of patients. 

The low complication rate and zero mortality rate of patients 
treated electively support a policy of elective femoral hernia 
repair even in the elderly!!»!*, Furthermore, complications in 
the elective group increased mean hospital stay by only 1:7 
days compared with 6-4 days in those treated as emergencies. 
Although the rate of correct diagnosis by general practitioners 
of 40 per cent compares well with that of other series®, an 
improvement in diagnostic accuracy of 37 per cent could be 
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achieved in the outpatient clinic. Early clinic appointment for 
all elderly patients referred electively with a groin lump or 
hernia is, therefore, recommended. 
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Comparative study of abdominal 
incision techniques 


The characteristics of surgical incisions made with an electrosurgical 
technique were compared with those made using conventional methods 
in a prospective randomized trial. In particular, the claim that the method 
of incision may influence postoperative pain was investigated. A total 
of 101 consecutive patients receiving full-length midline laparotomy 
incisions for gastrointestinal resection were studied. A record was kept 
of the time required to make the incision and blood loss as well as 
postoperative pain (using a linear analogue scale), ventilatory function 
and requirement for analgesia. There were 50 patients in group I 
(scalpel; 15 men, 35 women) and 51 in group 2 (electrocautery; 26 
men, 25 women). The groups were similar in age, body-weight, diagnosis 
and the type of surgical procedures being performed. Incision time was 
similar in the two groups but median blood loss during incision was 
significantly less in group 2 patients than in group I (10 versus 25 ml, 
P < 0-0001). Linear analogue pain scores were not significantly different 
between the groups at any stage after operation. The same was true of 
postoperative ventilatory function and requirement for analgesia. A total 
value for morphine use during the entire postoperative period was derived 
for each group and the median was 1:55 mg/kg for group I compared 
with 1-49 mg/kg for group 2. The electrosurgical method is associated 
with less blood loss during incision, although this study has failed to 
confirm any reduction in postoperative pain or requirement for analgesia 
in these patients. 


In 1988 Hussain and Hussain! suggested that there was a 
significant difference in Both subjective and objective 
measurements of pain in patients whose incisions were 
fashioned with an electrosurgical technique compared with 
those whose were made using a scalpel. That study was 
restricted to subcostal incisions for uncomplicated gallbladder 
surgery. In 1990 Dixon and Watkin? suggested that diathermy 
was quicker, gave better cosmetic results and resulted in no 
added discomfort to patients undergoing inguinal hernior- 
rhaphy or cholecystectomy. Other studies have examined 
different properties of incisions in both skin** and intestine*, 
comparing the use of various laser types, electrocautery and 
vibrating ultrasonic knives with that of conventional scalpels. 

This study was designed to assess the electrosurgical 
technique in a wider range of abdominal surgery. An attempt 
was made to analyse whether there was any practical advantage 
to the surgeon, in terms of speed of incision and blood loss, in 
using cutting diathermy and any advantage to the patient in 
terms of ventilatory function, comfort and opiate requirements 
after surgery. 


Patients and methods 


Over an 18-month period, 101 consecutive patients under the care of 
one consultant (DJ.G.) undergoing laparotomy for any reason by 
means of a midline abdominal incision were invited to participate. 
Patients who on initial assessment had difficulty cooperating with the 
measurement techniques to be used in the postoperative period, and 
those who were unable to give informed consent, were excluded from 
the study. f 

Approval was obtained from the West Ethical Committee of Greater 
Glasgow Health Board. After obtaining written informed consent from 
each patient, baseline data were collected. It did not prove to be 
practical to standardize the drugs used for premedication and 
anaesthesia, for a variety of reasons. Patients were randomized by 
drawing an unmarked envelope in the operating room. Those in group 
1 hed a standard scalpel incision; in group 2 a scalpel was used simply 





0007-1323/93/020233-03 © 1993 Butterworth-Heinemann Ltd 


to score the dermis and the remainder of the incision was made using 
an electrosurgical technique. All incisions were fashioned by a single 
operator and coagulation diathermy was used in both groups to control 
bleeding points. An Eschmann TD 411-S (Eschmann and Walsh, 
Lansing, UK) electrosurgical unit was used and was set to supply a 
pure cutting current (maximum power 400 W, usual setting 200 W) 
for cutting and a pinpoint coagulation current (maximum power 150 W, 
usual setting 75 W + 15 per cent) for coagulation. The time taken to 
make the incision was recorded from the first skin incision until the 
peritoneum was open along the length of the wound and haemostasis 
had been achieved. Blood loss was measured by weighing of swabs 
using a standardized technique. Wound closure was standard 
throughout the study and consisted of a mass closure technique using 
a monofilament non-absorbable suture for the abdominal wall and a 
monofilament absorbable suture placed in the subcuticular layer for 
the skin. 

An assessment of the postoperative pain score was made at 24, 48, 
72 and 96h after surgery using a 10-cm linear analogue scale. 
Postoperative peak expiratory flow rate (best of three readings) using 
a Wright’s Mini Peak Flow Meter (Clement Clarke, Harrow, UK) 
was recorded at the same times after surgery. The measurements were 
not made within 2 h of the administration of any analgesic drugs and 
the values obtained were related to the preoperative performance. 

Postoperative parenteral analgesia was available on demand. The 
amount of opiate analgesia administered in each 24-h period was 
calculated. A standard conversion factor was used as appropriate to 
convert non-morphine opiate doses into morphine equivalents®. All 
postoperative assessment was undertaken by an investigator unaware 
of the incision method used. 

Groups were compared statistically by application of the 
Mann-Whitney U test or x? test as appropriate. 


Results 


The two groups were similar in number of patients and basic 
characteristics such as age and body-weight (Table 1). The 
difference in sex ratio in the groups was significant (two-sample 
X? = 3-78, 1 d.f., P = 0-05). The groups were almost identical 
with regard to diagnosis and the type of surgical procedures 
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Table 1 Patient details 


Group 1 
(scalpel) 


Group 2 
(electrocautery ) 





Median age (years) 58 (38-66)  ' 64 (54-71) 


Median body-weight (kg) 60 (51-5-68) 66 (60-74) 
Sex ratio (M:F) 15:35 26:25 
Median incision time (min) 5 (5-8) 6 (4-6) 
Values in parentheses are interquartile ranges 

Table 2 Linear analogue pain scores 

Time after Group 1 Group 2 
operation (days) (scalpel) (electrocautery } 
1 6 (4-8) 6 (5-7) 

2 5 (3-5-6) 5 (3-75-7) 
3 5 (4-6) 5 (3-6) 

4 4 (2-5) 4 (3-5) 


Values are median (interquartile range) 


Table 3 Peak expiratory flow rates 


Peak expiratory flow rate 


Before operation 


Time after operation (days) 


1 


(l/min) 
Group 1 Group 2 
(scalpel) (electrocautery ) 





385 (313-460) 


217 (180-265) 


399 (320-480) 
218 (160-272) 


2 220 (190-280) 237 (182-272) 
3 260 (210-320) 272 (220-310) 
4 282 (230-357) 293 (220-330) 


Values are median (interquartile range) 


Table 4 Postoperative requirements for analgesia 





(mg morphine equivalent per 24 h) 








Time after Group 1 Group 2 
operation (days) (scalpel) (electrocautery) 
1 41-9 (28-1-50-0) 40:8 (27-5-50-0) 
2 29:7 (20-0-37:5) 31-6 (22-5-40-0) 
3 21-6 (11-:9-25-1) 23-4 (12:5~37:5) 
4 13:3 (0-17-4) 14-3 (0-200) 


Values are median (interquartile range) 


being performed. The majority (72 per cent) of patients 
underwent operation for colorectal cancer; the remainder had 
procedures to treat inflammatory bowel disease and a variety 
of other conditions. 

The median times taken to make the incisions (5 min for 
group 1, 6min for group 2) were not significantly different 
(P = 0-66). Blood loss during incision was significantly different 
between the groups. In group 1 the median loss was 25 ml 
compared with 10 ml in group 2 (P < 0-0001). 

Linear analogue pain scores are shown in Table 2. There 
were no significant differences between the groups at any stage 
during the postoperative period. Tables3 and 4 show a 
summary of the results for postoperative ventilatory function 
and requirement for analgesia, respectively. Again, there were 
no significant differences between the groups. The median total 
value for morphine use during the entire postoperative period 
was 1:55 mg/kg for group 1 and 1-49 mg/kg for group 2. This 
difference was not statistically significant. 


Discussion 


` The quantification of postoperative pain is notoriously difficult 


in view of the subjective nature of the assessment and the 
numerous variables that have been demonstrated to have a 
meaningful effect on the result. 

One previous study has suggested that the technique for 
making a surgical incision might have a direct effect on the 
subsequent discomfort suffered from the wound. If this 
observation could be substantiated there would be a clear 
opportunity for surgeons to improve the management of 
patients by adjusting their technique. The present study has 
failed to confirm that electrosurgically produced incisions are 
associated with less postoperative pain. The only difference 
between the two techniques was in blood loss from the skin 
and subcutaneous fat. This appears to be related to immediate 
coagulation of small vessels, in contrast to the oozing that 
occurs with a scalpel incision before coagulation ensues by 
activation of clotting factors. 

The source of incisional pain is still a matter of considerable ~ 
uncertainty. Attempts to influence pain fibres in specific layers 
of an abdominal wound by continuous infiltration of a local 
analgesic solution’ or by transcutaneous electrical stimulation® 
have done little to advance understanding of the origin of 
incisional pain and the interplay of factors that may contribute 
to it. It may be that the results and conclusions of the present 
study differ from those obtained following subcostal incision 
because the midline abdominal wound is inherently more 
painful and any beneficial effect related to the incision technique 
may be overwhelmed by the severity of the discomfort. 

It would seem most likely that a range of factors including 
characteristics of the incision have an influence on postoperative 
discomfort. The degree of abdominal distension, the duration 
of any paralytic ileus, the presence of inflammation or infection 
together with central and personality-related factors may all 
play an additional and important role in postoperative pain. 
There is no evidence to support the hypothesis that 
electrocautery reduces pain by the destruction of cutaneous 


_ nerve endings. 


Some workers have suggested that the electrosurgical 
method is superior in that it is consistently quicker and gives 
better cosmetic results with minimal complications?. One group 
specifically compared the outcome in relation to septic wound 
complications and showed no difference between electrosurgical 
and conventional techniques’. It has been the experience of the 
present authors that the electrosurgical method is rapid, safe, 
convenient and haemostatic, and that no disadvantages are 
apparent. In particular, there were no problems with skin 
charring, burns, wound haematomas, infections or the 
complications of delayed healing or keloid formation in this 
study. 
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Perforated duodenal ulcer is amenable to laparoscopic 
treatment'~*. To date, laparoscopic surgeons have copied 
conventional techniques for this condition, but these can be 
technically demanding. A sutureless method for laparoscopic 
treatment of acute perforated duodenal ulcer using a gelatin 
sponge plug and fibrin sealant is presented. The procedure is 
quick, simple, secure and well suited to the laparoscopic 
environment. 


Surgical technique 


Pneumoperitoneum is established and the laparoscope is inserted via 
an infraumbilical incision. An 11-mm cannula is positioned in the 
epigastrium and a 5-mm cannula in the right upper quadrant. The 
perforation is usually in the anterior wall of the first part of the 
duodenum. If there is difficulty identifying it, moving the laparoscope 
to the epigastric port gives a good view of this area. Inserting the tips 
of a forceps into the perforation confirms its location. 

A piece of gelatin sponge (Spongostan; Ferrosan, Soeborg, 
Denmark) approximately 20 x 15 mm is cut from a 10-mm thick sheet 
and rolled into a cylinder with one end compressed to produce a cone. 
This plug is grasped with a forceps and back-loaded into a 10-mm 
reducing sheath for insertion into the abdominal cavity. The plug is 
placed into the ulcer so that the base of the cone protrudes from the 
serosal surface. A 2-ml volume of two-component fibrin sealant (Tisseel; 
Immuno, Vienna, Austria) is slowly injected via a double-lumen 
catheter around the plug to secure it. Prewarming of the sealant 
facilitates rapid reaction. A fold of omentum may be laid over the plug 
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but this is not fixed in place. Peritoneal lavage is performed with 2 
litres warm saline before completion of the operation. 

Nasogastric drainage is maintained for 1-2 days after operation 
before reintroduction of diet. A course of intravenous antibiotics and 
histamine antagonist is prescribed. 


Discussion 

Laparoscopic treatment of a perforated duodenal ulcer avoids 
the need for a large incision without preventing adequate 
peritoneal toilet. Postoperative morbidity rates are likely to be 
reduced, although no randomized study has yet been published. 
A sutured omental patch is effective, but laparoscopic suturing 
is technically difficult both in the accurate placement of sutures 
and knot tying. The procedure takes longer than open operation 
and needs to be performed by a surgeon experienced in 
laparoscopic procedures. 

The gelatin sponge plug technique offers a quick, simple 
and secure method for laparoscopic treatment of perforated 
duodenal ulcer. Potentially, it is of value in any such case and 
could be performed readily by surgeons with basic training in 
laparoscopic surgery. An immediate and effective seal of the 
perforation is achieved. The size of the plug can be tailored to 
suit individual cases; a relatively large ulcer is not a 
contraindication. 

The cost of the small volume of fibrin sealant is reasonable. 
Special endoscopic double-lumen catheters may be obtained 
from the manufacturer, or a central venous catheter can be 
employed after cutting off the tip. Rarely, there may be allergic 
reaction to the fibrin sealant. 


References 


1. Mouret P, François Y, Vignal J, Barth X, Lombard-Platet R. 
Laparoscopic treatment of perforated peptic ulcer. Br J Surg 1990; 
77: 1006. 

2. Nathanson LK, Easter DW, Cuschieri A. Laparoscopic repair/ 
peritoneal toilet of perforated duodenal ulcer. Surg Endosc 1990; 
4: 232-3. 

3. Fletcher DR, Jones RM. Perforated peptic ulcer. A further 
application of laparoscopic surgery. Aust N Z J Surg 1992; 62: 
323-4. 

4. Sunderland GT, Chisholm EM, Lau WY, Chung SCS, Li AKC. 
Laparoscopic repair of perforated peptic ulcer. Br J Surg 1992; 
79: 785. 


Paper accepted 7 September 1992 


235 


Surgical workshop 


i ee tt At 


Br. J. Surg. 1993, Vol. 80, February, 236 


Laparoscopic truncal vagotomy 
without drainage l 


E. W. M. McDermott and J. J. Murphy 


Departments of Surgery, University College Dublin and 
St Vincenť’s Hospital, Dublin, Ireland 


Correspondence to: Mr E. W. M. McDermott, Department 
of Surgery, Education and Research Centre, St Vincent's 
Hospital, Elm Park, Dublin 4, lreland 


The scope of laparoscopic surgery is rapidly expanding. A 
„technique of laparoscopic truncal vagotomy without drainage 
for the treatment of chronic duodenal ulcer is described. The 
rationale for this procedure, initial technique and clinical 
outcome have previously been reported?. 


Surgical technique 


The patient is placed supine on the operating table. After induction of 
general anaesthesia, a wide-bore orogastric tube is passed. With the 
patient in a 20° head-up position, pneumoperitoneum is established 
with carbon dioxide via a Veress needle placed in the right upper 
quadrant at the mid-clavicular line 1 cm below the costal margin. A 
10-mm SurgiPort (US Surgical, Norwalk, Connecticut, USA) with a 
sleeve length of 15 cm is introduced at the Veress puncture site (port 1) 
(Figure 1). A 0° 10-mm laparoscope is introduced through this cannula 
and the contents of the peritoneal cavity inspected. Two further 10-cm 
long 10-mm diameter cannulas are inserted (ports 2 and 3). The 0° 
laparoscope is replaced by a 25° oblique 10-mm laparoscope introduced 
through the subumbilical cannula. Another 10-cm long 10-mm diameter 
cannula is inserted at port 4. A 10-mm grasping forceps is introduced 
at port 1 and used to direct the shaft of this long SurgiPort inferior to 
the falciform ligament and then superiorly along the under-surface of 
the left lobe of the liver towards the oesophageal hiatus. The left lobe 
is then raised, using the shaft of the SurgiPort, until the site of the 
intra-abdominal oesophagus is exposed. A 10-mm grasping forceps is 


Figure 1 Sites of ports: 1, right upper quadrant, mid-clavicular line 
1 cm below the costal margin; 2, subwmbilical; 3, 6 cm above the umbilicus 
in the mid-clavicular line; 4, 1 cm to the left of the midline, 1 cm below 
the angle between the xiphisternum and left costal margin 
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inserted through a cannula at port 3, and the closed forceps is placed 
at the angle of His and used to retract the stomach downwards, putting 
the intra-abdominal oesophagus under tension. The phreno- 
oesophageal ligament is dissected upwards using a 5-mm dissecting 
forceps at port 4. The peritoneum over the anterior surface of the 
oesophagus is opened and gently dissected downwards with careful 
haemostasis. The whole of the anterior wall of the intra-abdominal 
oesophagus is thus exposed. The anterior vagus nerve is identified, 
dissected free of the oesophagus and held with the forceps at port 4. 
The trunk is cauterized and divided by scissors introduced through a 
cannula at port 3. Any remaining strands of the anterior vagus on the 
oesophagus are cauterized and divided. The 10-mm grasping forceps 
at port 3 is placed to the right of the oesophagus and used to displace 
the latter to the left. The posterior vagus is identified on the right crus 
of the diaphragm to the right of the displaced oesophagus. It is then 
divided in a similar manner to the anterior vagus nerve. After 
haemostasis is assured the cannulas are removed. The orogastric tube 
is replaced by a nasogastric tube. The latter is removed and oral fluids 
commenced on day | after operation; a normal diet is tolerated from 
day 2. 


Discussion 

This paper describes the use of a 10-mm SurgiPort with a 15-cm 
long sleeve to raise the left lobe of the liver. This has been 
found easier and safer to use than the fan retractors currently 
available. The other technical difficulty in this procedure is 
achievement of adequate inferior traction on the intra- 
abdominal oesophagus. This manoeuvre facilitates identifi- 
cation of the anterior vagal trunks. Attempts have been made 
to achieve this traction by the intraoperative introduction of a 
gastroscope or wide-bore orogastric tube. The latter was found 
to be simpler to use and equally effective. Undoubtedly, the 
development of appropriate instruments to grasp and retract 
the gastric cardia safely will make this manoeuvre easier. Access 
to the posterior vagus can also be achieved by dividing the 
lesser omentum with transection of the hepatic branch of the 
anterior vagus nerve. It has been found that this is not always 
necessary. 

Laparoscopic posterior truncal vagotomy with lesser curve 
anterior gastric myotomy has been described for the 
management of chronic duodenal ulcer?. However, this 
technique is much more difficult than that described here. The 
introduction of H,-receptor antagonists in the management of 
chronic duodenal ulcer may have resulted in too few patients 
being submitted to surgery. If this new procedure proves to be 
as safe and effective as open truncal vagotomy and pyloric 
dilatation, a more rational balance between early operation 
and prolonged drug therapy may be struck?*. 
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Single-loop biliary and gastric 
bypass for irresectable pancreatic 
carcinoma 


Twenty-five patients with irresectable carcinoma of the pancreatic head 
received a modified type of palliative bypass in which the transected 
bile duct and the gastric antrum were anastomosed to the same Roux 
loop of jejunum. There were 13 women and 12 men with a median age 
of 54 (range 35—74) years. All but three patients were jaundiced and 
Il underwent preoperative biliary decompression. In 18 patients 
jaundiced at the time of operation, the median preoperative serum 
bilirubin level was 287 (range 57—804) umol/l. The median operative 
time was 4:0 (range 2-5-—6-0) h. There were no hospital deaths. Minor 
postoperative complications occurred in nine patients and the median 
hospital stay after operation was 13 (range 7—49) days. The median 
postoperative survival was 4-8 (range 1-5—11-5) months. This operation 
provides good palliation safely in selected parents with irresectable 
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Approximately 15 per cent of pancreatic cancers are resectable 
but few patients are cured’. For those with irresectable tumours 
presenting with obstructive jaundice, non-operative stenting or 
surgical bypass are the two treatment options. In reasonably 
fit patients (without cachexia or ascites) an operative approach 
may be preferred, allowing confirmation of the nature and 
irresectability of the tumour, plus relief of jaundice, vomiting 
and pain. The use of the gallbladder or duodenum for bypass 
is attended by poor results’. A new technique involving a 
retrocolic Roux loop for anastomosis to the bile duct and gastric 
antrum has been used for the past 6 years. 


Patients and methods 


Patients 

The single-loop biliary and gastric bypass procedure was carried out 
in a consecutive series of 25 patients with irresectable carcinoma of the 
pancreatic head between 1985 and 1991. There were 13 women and 12 
men with a median age of 54 (range 35-74) years. All had histological 
confirmation of pancreatic ductal carcinoma. Each operation was 
performed by one of the authors (R.C.N.W.) or his senior registrar. 

To set this experience in context, during the same period 24 
pancreatoduodenectomies were carried out for ductal carcinoma of the 
pancreatic head. Several patients received endoscopic or percutaneous 
stenting, but others were probably not referred because of the advanced 
nature of the disease. There were no patients whose cancer was so 
extensive at laparotomy that bypass could not be performed. 

Clinical and operative details were prospectively recorded. 
Follow-up was obtained from the last recorded clinic attendance and 
from telephone or postal contact with the patient, relatives or general 
practitioner. 


Operative technique 
Laparotomy was carried out initially through a right subcostal incision. 
In the absence of hepatic or peritoneal metastases, the incision was 
extended to the left and a trial dissection was undertaken to assess 
resectability. Visceral angiography was used in those with a potentially 
.tesectable tumour?. The relationship of the tumour to the portal vein 
and its posterior fixity were checked at operation. If a preoperative 
biopsy was not available, a tissue specimen was obtained from a 
convenient metastasis or by direct (not transduodenal) biopsy of the 
primary tumour using a Tru-Cut needle (Travenol Laboratories, 
Thetford, UK ). The specimen was sent for frozen section, and further 
biopsies were performed until a positive diagnosis of carcinoma was 
obtained. 

The bypass involved anastomosis of the common hepatic duct and 
gastric antrum to the same retrocolic Roux loop of jejunum (Figure 1). 
The gallbladder was removed to improve access. The bile duct was 
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pancreatic carcinoma. 





Figure 1 Single-loop biliary and gastric bypass procedure for 
irresectable pancreatic carcinoma 


mobilized and transected above the entry of the cystic duct and at least 
2 cm above the ‘leading edge’ of the tumour; the lower bile duct was 
oversewn. A 40—-50-cm retrocolic Roux loop was created to the right 
of the middle colic vessels. The top of the loop was closed and 
invaginated, and the following anastomoses were created: (1) end- 
to-side hepaticojejunostomy in one layer of absorbable 3/0 Vicryl 
sutures (Ethicon, Edinburgh, UK). The biliary anastomosis was 
fashioned 10-15 cm below the top of the Roux loop; (2) side-to-side 
gastrojejunostomy just below the apex of the Roux loop using a 
two-layer anastomosis; and (3) enteroanastomosis in two layers. 


Results 


Presenting features (Table 1) 

The three non-icteric patients had the lesion demonstrated by 
ultrasonography and/or computed tomography (CT) and 
presented with acute pancreatitis (one patient) and abdominal 
pain (two). In four patients jaundice had been completely 
relieved by preliminary decompression of the biliary tree. The 
median serum bilirubin level in the other 18 patients was 287 
(range 57-804) pmol/l. Median weight loss in 17 patients was 
6:5 (range 2-19) kg, and half the patients had troublesome 
epigastric and/or back pain. Of six patients with vomiting, only 
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Table 1 Clinical features of 25 patients with irresectable pancreatic 
carcinoma 





No. of Median (range) 

Clinical presentation patients duration (weeks) 
Symptoms 

Jaundice 22 3 (0:5-16) 

Weight loss 17 6 (2-24) 

Abdominal and/or back pain 13 5 (3-16) 

Vomiting 6 7 (2-12) 

Steatorrhoea 1 8 
Signs 

Palpable gallbladder 10 

Hepatomegaly 2 

Epigastric mass 1 

Ascites 1 


Table 2 Contraindications to pancreatic resection in 25 patients with 
cancer 





No. of 

patients 
Vascular involvement 15 
Multiple liver metastases : 9 
Multiple lymph node metastases r 6 
Extensive involvement of mesenteric root or mesocolon 3 
Multiple peritoneal seedings 2 


three had duodenal invasion (including one with early gastric 
outlet obstruction). 


Preoperative imaging 

Ultrasonography demonstrated the primary tumour in 17 of 
23 patients but detected liver metastases in only four of nine. 
CT showed the primary in 17 of 18 patients and liver secondaries 
in three of five. Cholangiography was performed in 19 patients 
by the endoscopic retrograde route (16) and/or percutaneous 
transhepatic route (eight). Visceral angiography suggested 
irresectability in 13 of 20 patients: portal vein involvement 
(ten), arterial encasement (six) and/or liver metastases (one). 
Five patients had a percutaneous biopsy and in a sixth a tissue 
diagnosis was obtained at previous operation. 

The bile duct was decompressed before operation in 11 
patients, by endoscopic retrograde cholangiography in four, 
percutaneous transhepatic cholangiography (PTC) in four and 
at a preliminary operation in three. In only four of these did 
the serum bilirubin level return to normal before operation. 
Although some patients were referred with indwelling stents, 
preoperative biliary decompression was avoided if the tumour 
was clearly irresectable. 


Operative assessment 


- Major vascular involvement was the most common reason for 
irresectability (Table 2); angiography intimated this in 12 of 
the 15 patients. Metastatic spread otherwise precluded resection 
more often than direct tumour extension. Peroperative biopsies 
were obtained from the primary tumour (12), liver deposits 
(nine) or lymph nodes (three). Despite multiple biopsies the 
diagnosis of carcinoma could not be confirmed in one patient 
who died 3 months after operation; autopsy revealed carcino- 
matosis from cancer of the pancreatic head. 

Operation time varied from 2:5 to 6-0 (median 4-0)h, 
depending largely on the extent of the trial dissection needed 
to confirm irresectability. Chemical splanchnicectomy was 
performed in four patients. 


Postoperative course 


There were no deaths within. 30 days and all patients left 
hospital. The median postoperative hospital stay was 13 (range 


Table 3 Postoperative complications in nine patients 











No. of 

patients 
Delayed gastric emptying 3 
Biliary fistula 2 
Intra-abdominal collection 2 
Transient gastrointestinal bleeding 1 
Other (pleural effusion, atelectasis, deep vein thrombosis) 3 


7-49) days. The serum bilirubin level had fallen by half in 18 
patients within 2 weeks and was normal in ten of these. Jaundice 
was eventually relieved in every case. i 

Postoperative complications are shown in Table 3. A biliary 
fistula ọccurred in two patients, one from the site of previous 
PTC drainage and one from the choledochojejunostomy. In 
each patient the fistula dried up quickly after temporary 
percutaneous stenting. Two patients developed an intra- 
abdominal collection requiring percutaneous drainage, and one 
of these collections contributed to the long hospital stay of 49 
days. 


Outcome : 

The median postoperative survival was 4-8 (range 1-5~11-5) 
months. Twelve patients had adjuvant radiotherapy or 
chemotherapy, with combined treatment in eight of these. Four 
patients remain alive at 4, 4, 6 and 8 months after operation. 
Two patients with multiple liver metastases developed recurrent 
jaundice shortly before death. Gastric outlet obstruction did 
not occur. There was no instance of bile vomiting or cholangitis, 
and no patient required reoperation or readmission to hospital 
until the terminal stages of disease. 


Discussion 

Despite the availability of percutaneous or endoscopic methods 
for relieving jaundice, surgical bypass remains a valid 
alternative since there were no deaths and no reoperations. 
Advantages are twofold. First, operation establishes the 
diagnosis of cancer and confirms irresectability. Percutaneous 
biopsy is fallible?*, Venous-phase angiography and CT are 
helpful in determining major vascular involvement but cannot 
always differentiate between compression and invasion of the 
portal vein*. Second, operation facilitates long-term relief of 
jaundice without the need for repeat endoscopy; it circumvents 
duodenal obstruction (present or future) and palliates pain. To 
justify an operative policy in patients with a very limited life 
expectancy, it is necessary that these objectives be achieved 
reliably and with a short hospital stay. 

Like many others, the authors prefer to use the common 
hepatic duct rather than the gallbladder for bypass. The 
rationale of dividing the bile duct above the tumour is to prevent 
upwards extension of carcinoma in the duct wall or periductal 
tissues and thereby ‘protect’ the choledochojejunostomy. 
Although median survival was short (4-8 months), there were 
no episodes of cholangitis and no further jaundice (except in 
those with massive hepatic replacement), suggesting that the 
biliary anastomosis functioned satisfactorily. 

Since 13-34 per cent of patients with pancreatic cancer 
receiving. biliary diversion alone will develop duodenal 
obstruction before death, and since concomitant gastric bypass 
does not statistically increase the operative risk', prophylactic 
gastroenterostomy is carried out in those with an expectation 
of life beyond 1-2 months. The modified bypass used in the 
present series introduces food at the top of the defunctioned 
jejunal loop and should minimize reflux bile gastritis. Only one 
patient with an advanced cancer had a postoperative bleed and 


. there was no bile vomiting. Upper gastrointestinal haemorrhage 


occurs in up to 17 per cent of patients with double bypass®~!°, 
but acid-reducing drugs may have had an additional protective 
effect. To be certain of preventing bile reflux, the biliary and 
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gastric anastomoses would need separation by some 50 cm, or 
a separate Roux loop would be required. This study shows that 
these expedients are unnecessary. 

Paradoxically, 20 per cent of patients (range 6—29 per cent 
in collected series)! will develop delayed gastric emptying after 
duodenal bypass, perhaps because of autovagotomy in those 
with extensive coeliac nodes. The incidence of delayed emptying 
in this series was low (12 per cent) and all patients were eating 
within 2 weeks. This finding accords with the observation of 
Jacobs et al., who reported that 17 per cent of patients with a 


. gastrojejunostomy proximal to the biliary anastomosis 


developed delayed gastric emptying, as opposed to 27 per cent 
of those with the reverse pattern®. Since no patient developed 
late gastric outlet obstruction, the theoretical risk of tumour 
encroachment on the mesocolic window should not preclude 
the convenient use of a retrocolic Roux loop. 

Quality of life is difficult to assess in a group of patients, 
half of whom received adjuvant oncological therapy. Generally 
pain was well controlled and jaundice did not recur. The 
absence of late obstructive complications requiring readmission 
to hospital and the certainty that a resectable tumour had not 
been overlooked were the main justifications for an operative 
approach to pancreatic cancer. The single-loop biliary and 
gastric bypass procédure has worked well in practice and should 
be considered for those with irresectable cancer and a 
reasonable expectation of life. 
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Porcine islet isolation: prospective 
comparison of automated and 
manual methods of pancreatic 
collagenase digestion 


A prospective study was undertaken to compare an automated method 
of porcine pancreatic digestion with a simpler manual procedure. These 
techniques have not previously been compared directly. After intraductal 
distension with collagenase, seven porcine pancreata were divided 
longitudinally; half of each was digested by the automated method and 
half by the manual technique. Islet yield and purity were measured. 
Compared with the manual technique, the automated method isolated 
a significantly greater total volume of islet tissue (median (range) 3-56 
(1:39—5-30) versus 1-07 (0:46-1:92) mm? /g, P = 0-022), increased the 
median (range) number of 105-um islet equivalents isolated (5875 
(2294-8746) versus 1766 (759-3168) per g, P = 0-022) and improved 
the islet cleavage index (median (range) 92 (89—99) versus 82 (78-92) 
per cent, P = 0-035). It is concluded that, although the automated 
method is more complicated to set up, it greatly improves the yield of 


Mr N. J. M. London 


The isolation of large numbers of viable islets of Langerhans 
from the pancreas is a prerequisite for successful islet 
transplantation. Efficient isolation depends on the dissociation 
of the pancreas into its separate components and is usually 
accomplished by enzymatic collagenase digestion of the fibrous 
stroma followed by mechanical dispersion of the digested 
tissue’. The subsequent purification of islets from contaminating 
acinar tissue is usually achieved by density-gradient centri- 
fugation and is critically dependent on the efficiency of the 
initial digestion process. Although the delivery of collagenase 
by the intraductal route is now a standard technique for the 
enzymatic digestion of pancreata from humans and large 
animals?, many methods of mechanical dispersion have been 
employed, including manual shaking, teasing with forceps, 
mincing or maceration*~* and trituration’~*. The most effective 
procedures, however, depend on minimal mechanical trauma 
to the islets and their immediate removal, once liberated, from 
the injurious effects of collagenase. Although two recently 
described techniques?'!° fulfil these criteria and have been 
reported to produce similar results in the human, they have 
not yet been compared directly. The purpose of this prospective 
study was therefore to compare the results of porcine pancreatic 
collagenase digestion, using the automated method described 
by Ricordi et al.!°, with those of the manual biopsy-based 
technique of London et al.?. 


Materials and methods 


Pancreas procurement 

Porcine pancreata were obtained from a local abbatoir, with a median 
warm ischaemia time of 7 (range 5-9) min. Donor pigs were of Large 
White—Welsh crossbreed, 6-8 months old, in the weight range 
80-100 kg. The splenic lobe of the pancreas was removed and 
transported to the laboratory in cold (4°C) hyperosmolar citrate 
solution (Travenol Laboratories, Thetford, UK). In the laboratory, 
the gland was cleaned of fat and lymphoid tissue, weighed, and the 
main pancreatic duct cannulated with a 3-Fr catheter (Portex, Hythe, 
UK) which was ligated in place. 

The pancreas was warmed for 2 min in minimum essential medium 
(MEM) at 35°C and then distended (2 ml per g pancreas) by injection 
into the cannula of Hanks’ balanced salt solution containing 2 mg/ml 
collagenase (Collagenase Pan Plus; Serva, Heidelberg, Germany) and 
0-02 mg/ml DNAse (Sigma Chemicals, Poole, UK). Uniform 
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intact islets from the porcine pancreas. 


distension was obtained by gradual withdrawal of the cannula during 
injection. The distended pancreas was reweighed, sectioned longitudin- 
ally along the line of the main pancreatic duct, and the weight of each 
portion recorded. One half of each gland was then digested by the 
manual method and the other half by the automated procedure. 
Digestions were performed simultaneously by two teams. 


Manual digestion 

A biopsy was taken from the region of the pancreas that was’ seen to 
distend first, usually the tail, and divided into five pieces. Each piece 
was incubated at 35°C in a universal container with 1 ml prewarmed 
dithizone (Sigma; 1:2mmol/l in 5 per cent (v/v) dimethyl 
sulphoxide-MEM and 1 per cent bovine serum albumin (BSA)). The 
pancreas was similarly incubated in MEM at 35°C. After 5 min 
incubation, a universal container was removed from the waterbath, 
shaken for 30s, and the contents examined by incident white light 
microscopy. If a single cleaved (i.e. totally free of adherent exocrine 
tissue) islet was seen, the pancreas was removed from further 
incubation. If, however, no cleaved islets were present, further biopsies 
were examined at intervals of 2-5—7-5 min. 

When cleaved islets were seen, the pancreas was removed from the 
incubation medium, placed into one-half of a kidney bowl divided by 
a l-mm mesh, and gently teased apart with forceps. The digest that 
passed through the mesh was aspirated and passed through a 500-4m 
mesh into MEM at 4°C containing 20 per cent newborn calf serum 
(NBCS; Advanced Protein Products, Brierley Hill, UK) and 
0-004 mg/ml DNAse. A further 50m! MEM at 35°C containing 
10 per cent NBCS was added to the kidney bowl, and the teasing and 
aspiration continued for 10-30 min until digestion ceased. 


Automated digestion 


The automated method utilized digestion of the collagenase-distended 
pancreas within an enclosed stainless steel digestion chamber 
(Figure 1). The half-pancreas was loaded into the chamber, together - 
with seven steel ball-bearings of 1-cm diameter. The chamber was 
divided in two by a stainless steel mesh with 355-ym pores. By means 
of a polyvinyl chloride tubing circuit (COBE Laboratories, Gloucester, 
UK), MEM was recirculated at a rate of 50 ml/min through the 
chamber, with a heating circuit maintaining the temperature in the 
chamber at 35°C (recirculation phase). Once the medium started to 
recirculate, the chamber was agitated by a mechanical shaker to which 
it was attached, producing 300 vertical oscillations per min. 

At 2—5-min intervals, 5-ml samples of the medium emerging from 
the chamber were taken from a side-port of the tubing, stained with 
dithizone, and examined for the presence of cleaved islets. When 
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Figure 1 Circuitry used for the automated method of pancreas digestion. —, Direction of flow during recirculation phase; --—, diversion of flow during 


collection phase 


approximately ten islets were seen in a single microscopic field of x 100 
magnification, the circuit was opened, enabling fresh medium 
(MEM-10 per cent DNAse) at 4°C to enter the chamber at a rate of 
300 ml/min (collection phase). During this phase the chamber effluent 
was collected at 4°C into MEM containing 20 per cent NBCS. Digestion 
was judged complete when no further islets were seen in the biopsies 
from the chamber effluent. 


Islet quantification 


The non-distended weight of the two portions of the pancreas after 
longitudinal sectioning was calculated from the overall ratio of 
non-distended:distended weight multiplied by the weight of the 
distended portion of the gland. Islet yields are expressed per gram 
non-distended pancreas. 

The digest produced by each method was washed three times in 
MEM-10 per cent NBCS, and suspended in a total volume of 50 ml. 
Five 200-u] samples were taken from the 50-ml tube, maintaining the 
tissue in suspension between samples by continuous shaking. Each of 
these samples was diluted tenfold with MEM in five separate universal 
containers and two 100-ul samples taken from these and separately 
placed on to a Petri dish, to give a total of ten samples from each 
digestion. Dithizone (100 ul) was added, the number of islets > 50 um 
in diameter counted in each sample, and the total number of islets 
calculated from the mean number per sample multiplied by the dilution 
factor. The mean volume of an islet was estimated by measuring 100 
consecutive islet diameters using an eyepiece micrometer and 
calculating the volume of each islet (0-524 x diameter’, assuming that 
islets are spherical). The total volume of islet tissue isolated was 
calculated as the product of the mean volume of an islet and their total 
number. Islet yield was corrected to ‘105-ym islet equivalents’ by 
dividing the total islet tissue volume by the volume of an islet of 105 um 
in diameter (6-1 x 1074 mm?). This latter correction was made because 
studies from this laboratory on the size distribution of islets within 
pancreata from donor pigs have shown that 105 ym is the mean 
diameter of islets in histological section. This correction, therefore, 
equates to the 150-ym islet equivalent correction reported for human 
islet isolation studies. The percentage of cleaved (totally free of exocrine 
tissue) islets in the digest was estimated from inspection of the final 
samples. 


Islet purification 


After removal of the above samples, the final digests were centrifuged 
at 100g for 2 min and 100-1 aliquots suspended in 1 ml BSA (density 
1095 g/cm?) in conical test tubes. These were overlain with a 
continuous linear density gradient of BSA, generated by a gradient 
maker (Hoefer Scientific Instruments, San Francisco, California, USA), 
containing in its chambers BSA of densities 1-069 and 1-095 g/cm}, 
osmolality 400 mOsmol/kg. These gradients were then centrifuged at 
500g for 20 min at 22°C and 11 x 1-ml aliquots aspirated carefully 
from the top to bottom of the gradients. 
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After washing these aliquots in MEM and resuspending the tissue 
in 2ml MEM, each sample was sonicated for 20s, 1 ml being stored 
for amylase assay while the other 1 ml underwent acid—alcohol 
extraction and subsequent storage for insulin assay. Amylase assay was 
by Phadebas Amylase Test Kit (Pharmacia Diagnostics, Uppsala, 
Sweden ) and insulin was assayed by radioimmunoassay. The efficiency 
of density-gradient purification was assessed by plotting the cumulative 
percentage of amylase and insulin in these aliquots against density. 
The degree of exocrine (amylase) contamination at an islet (insulin) 
yield of 70 per cent was used as the criterion for comparison because 
this gave an estimate of islet purity when a reasonable yield of islets 
was obtained. 


Islet viability studies 

To confirm the viability of islets isolated by the automated method, 
purified islets from five consecutive automated isolations were 
transplanted to diabetic severe combined immunodeficient (Scid ) mice, 
as previously described''. Briefly, the pancreatic digest was purified 
on large-scale BSA density gradients established on a COBE 2991 
(COBE Laboratories, Lakewood, Colorado, USA) cell processor? and 
from each isolation two groups of 1000 islets were hand-picked and 
transplanted to the left renal subcapsular space of two diabetic (blood 
glucose > 20 mmol/1!) Scid mice. Mice were obtained from the National 
Institute of Medical Research (Mill Hill, London, UK) and rendered 
diabetic by intraperitoneal injection of streptozotocin (100 mg/kg on 
3 consecutive days). Blood glucose was measured every 2 days after 
transplantation and the ability of the transplanted islets to reverse 
diabetes (blood glucose <10 mmol/l) confirmed by a return to the 
diabetic state after graft nephrectomy at 3 weeks. 


Statistical analysis 


Values are given as median (range); comparisons were performed using 
the Wilcoxon signed rank test for paired data. 


Results 


The results of the islet quantification experiments for the seven 
pancreata processed are summarized in Table 1. The absolute 
yield of islets per gram pancreas digested did not differ 
significantly between the two methods. 

However, there were marked differences between the two 
procedures with respect to the other parameters of digestion 
studied. The islets produced by the automated method were 
significantly larger than those from the standard technique, as 
reflected in the higher mean volume of an islet, and so the 
former method produced a larger total volume of islet tissue 
per gram pancreas digested. This is most clearly expressed as 
the number of 105-ym islet equivalents per gram, which was 
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Table 1 Islet quantification results for standard and automated methods of isolation 

Standard method Automated method T pt 
No. of islets per g pancreas 2698 (2013-5591) 4014 (2733-6920) 3-0 0-076 
Mean volume of an islet ( x 1074 mm?) 3-64 (2:12-6:34) 9-36 (4:39-11-20) 0-0 0-022 
Total islet tissue volume (mm? per g pancreas) 1-07 (0-46—1-92) 3-56 (1:39-5:30) 0-0 0-022 
105-um islet equivalents per g pancreas 1766 (759-3168) 5875 (2294-8746) 00 0:022 
Cleavage index (%) 82 (78-92) 92 (89-99) 10 0035 





Values are median (range). *Wilcoxon signed rank test for paired data 
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Figure 2 Results of porcine islet transplantation to the diabetic Scid 
mouse. Islets (1000) from five consecutive isolations by the automated 
method were transplanted to the renal subcapsular space of two Scid 
mice. Isolation numbers: —----, l; oZ -—, 3; --- 4; 
—--~-, 5. The ability of transplanted islets to reverse diabetes was 
confirmed by graft nephrectomy at 21 days 





significantly greater for the automated technique. Finally, the 
cleavage index was significantly higher with the automated 
method, 

Results of the BSA density-gradient purification studies 
showed that the median (range) amylase contamination at a 
70 per cent insulin yield for the automated method was 50 
(4-95) per cent and for the manual method 34 (9-90) per cent 
(P = 10). Figure 2 shows the outcome of the diabetic Scid 
mouse transplant studies performed to confirm the viability of 
islets isolated by the automated method. Diabetes was 
successfully reversed in eight of the ten mice. Although two 
grafts failed to reverse diabetes, they were from different islet 
preparations; the other paired transplant from the same 
preparation successfully reversed the diabetes in each case. This 
suggests that the problem was technical rather than the result 
of impaired islet viability. 


Discussion 

Porcine islets51%13 are very fragile and the pig pancreas is 
therefore a good model in which to test the efficacy of methods 
purporting to produce effective digestion. The porcine 
pancreata used in the present study were obtained from 
abbatoir pork pigs under normal conditions of abbatoir 
operation. Although porcine islet isolation can be optimized 
by using a particular breed and age of pig and minimizing warm 
ischaemia time’*:'°, the abbatoir pig remains a useful and 
readily available source of material with which to conduct 
studies applicable to human islet isolation. 

A successful method of pancreatic collagenase digestion 
must disaggregate the gland while preserving the structure of 
the islets themselves. The intraductal route of collagenase 
delivery ensures that the enzyme is delivered directly into the 
pancreatic acini, thus acting first to dissociate exocrine from 
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endocrine tissue. The key to production of large numbers of 
intact islets lies in exposure to collagenase for a critical time: 
long enough to allow their release from surrounding exocrine 
tissue but short enough to prevent digestion of the islets 
themselves. Because different pancreata vary widely with 
respect to their optimal collagenase digestion time, and because 
islets are susceptible to mechanical trauma, many existing 
methods of digestion are inadequate and produce marked islet 
fragmentation. This is particularly true in the case of porcine 
islet isolation. 

The two methods compared in this study are recent 
adaptations of collagenase digestion, designed to attempt to 
overcome these problems. The manual biopsy-based method 
has the advantage of simplicity and requires little specialist 
equipment. It is the only non-automated technique based on 
individual ‘tailoring’ of the exposure of each pancreas to 
collagenase. The automated method has the advantage of 
continuous circulation of medium, allowing the progressive 
liberation of islets and their immediate protection from 
collagenase once liberated. It is, however, relatively complex 
to set up. 

In this study a prospective comparison of these two widely 
used techniques was undertaken, dividing each pancreas and 
digesting the two halves by each method simultaneously. The 
size and distribution of islets is known to vary from the head 
to the tail of the gland'® and the pancreata were therefore 
divided longitudinally to produce a similar islet population 
between the two methods. Thus, each pancreas acted as its own 
control, minimizing any adverse effects arising from the natural 
variation in collagenase digestion between different pancreata. 

The absolute numbers of islets >50 ym in diameter 
produced by the two techniques did not differ significantly and 
are comparable to those achieved by other groups using these 
methods'?-'*. Care must be taken when making such 
comparisons because porcine islets vary greatly with the age 
and strain of pig used’”, particularly with respect to size and 
fragility. It is not possible to measure islet fragmentation 
directly because small fragments are lost to waste during the 
washing stages of the isolation process. However, it can be 
concluded, because the mean volume of an islet, the total islet 
tissue volume and the number of 105-jam islet equivalents were 
significantly higher with the automated method, that most islets 
from the manual digestion were small and fragmented. In 
comparison, islets isolated by the automated method remained 
intact; their mean volume was comparable to the mean 
histological islet volume in the pancreas of donor pigs 
(6-1 x 1074 mm). 

The islet cleavage index was significantly higher with the 
automated method. This finding has important implications for 
subsequent islet purification because the density of uncleaved 
islets approaches that of adherent exocrine tissue, making it 
impossible to purify them by isopycnic density-gradient 
centrifugation. This result, taken in conjunction with the 
findings that the median amylase contamination at a 70 per cent 
insulin yield was no different between the manual and 
automated methods, arid that there was a greatly increased 
volume of islet tissue in the digest from the automated 
procedure, means that the islet yield per gram original pancreas 
will be greater following purification with the automated than 
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the manual method. Finally, the diabetic Scid mouse transplant 
studies show that the porcine islets produced by the automated 
method are viable and able to reverse diabetes. This finding is 
in agreement with the studies of Ricordi et al.!?, who showed 
that porcine islets produced by the automated method could 
reverse diabetes in nude mice. 

In conclusion, this prospective study has shown that, 
compared with a standard manual method, the automated 
technique more than trebled the volume of islet tissue isolated 
from the porcine pancreas. Although the automated digestion 
method is relatively complex to set up, the greatly improved 
yield of intact islets justifies its routine use for porcine islet 
isolation. 
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Selective cholangiography in 
laparoscopic chalecystectomy 


Laparoscopic cholecystectomy is now the method of choice for removing 
the diseased gallbladder. Asymptomatic common bile duct stones occur 
in approximately 6 per cent of patients. Controversy exists, however, 
as to whether selective or routine peroperative cholangiography should 
be performed during laparoscopic cholecystectomy. Over a 21-month 
period 300 consecutive laparoscopic cholecystectomies without routine 
cholangiography were attempted. There were 28 conversions. In all, 229 
patients did not undergo cholangiography and in this group there were 
two common duct injuries. These were both identified and dealt with by 
open operation. Five patients underwent peroperative cholangiography, 
none of whom was found to have common duct pathology. Endoscopic 
retrograde cholangiopancreatography was performed in 38 patients. Of 
27 who had this investigation performed before operation, common duct 
stones were diagnosed in seven (26 per cent). Two common duct stones 
were discovered in 11 patients who underwent the investigation after 
operation. Thus only two of 240 patients (0-8 per cent) who did not 
undergo preoperative or peroperative cholangiography subsequently had 
symptomatic duct stones. Peroperative cholangiography may be 
indicated in selected patients who have had symptoms of common bile 
duct stones or in those in whom the biliary anatomy is unclear. However, 
routine preoperative or peroperative cholangiography is unnecessary 
during laparoscopic cholecystectomy. 


Laparoscopic cholecystectomy is a minimally invasive technique 
for removal of the diseased gallbladder, with several theoretical 
advantages over traditional open cholecystectomy'-?. However, 
the advent of this technique has refocused attention on the 
management of common bile duct (CBD) stones*. Symptomatic 
choledocholithiasis may now be managed by preoperative 
endoscopic retrograde cholangiopancreatography (ERCP) 
followed by laparoscopic cholecystectomy or by peroperative 
exploration of the CBD during traditional or laparoscopic 
cholecystectomy. The incidence of unsuspected duct stones 
varies from 1:2 to 14 per cent* and, while controversy has 
always existed as to whether routine or selective cholangiography 
should be performed*, most British surgeons have recently 
performed routine cholangiography during open cholecyst- 
ectomy®. However, little is known about the natural history of 
unsuspected CBD stones and controversy exists as to whether 
routine cholangiography prevents bile duct injury. A policy of 
selective cholangiography during laparoscopic cholecystectomy 
has been adopted in this department and in this study the 
outcome of this policy in 300 consecutive procedures is 
analysed. 


Patients and methods 


Between February 1990 and October 1991, 300 patients underwent 
elective laparoscopic cholecystectomy at this hospital. There were 65 
men and 235 women with a mean(s.d.) age of 47:7(14-5) (range 17-78) 
' years and a mean(s.d.) weight of 71-3(13-7) kg. Mean age and weight 
did not vary beween the first, second and third hundred patients. 
Indications for laparoscopic cholecystectomy are shown in Table 1. No 
patient underwent the operation for asymptomatic gallstones. 
Cholelithiasis was confirmed in all patients by ultrasonography before 
operation. Details of the operative technique of laparoscopic 
cholecystectomy have previously been described’. Briefly, a four- 
cannula technique (occasionally three) was used; the cystic duct was 
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identified, doubly clipped and divided, and a similar approach then 
used to clip and divide the cystic artery. The gallbladder was separated 
from the gallbladder bed using diathermy and removed through one 
of the 10-mm cannulas. The subhepatic space was irrigated with 500 ml 
saline and no drains were placed. 

A policy of selective cholangiography was followed for patients 
undergoing laparoscopic cholecystectomy. The indications for 
cholangiography before or during operation were: (1) a history of 
jaundice; (2) a history of cholangitis including jaundice, fever and 
rigors; (3) any abnormal liver function test result; (4) a CBD diameter 
>10mm determined by ultrasonography; (5) CBD calculi on 
ultrasonography; and (6) gallstone pancreatitis. The indications for 
cholangiography in the postoperative period were a history of jaundice 
or abnormal liver function test results since the time of surgery. The 


Table 1 Indications for laparoscopic cholecystectomy in 300 consecutive 
patients 




















Patient nos 
Indication 1-100 101-200 201-300 Total 
Gallstone pancreatitis 8 4 9 21 (7-0) 
Acute cholecystitis 23 18 16 57 (19-0) 
Chronic cholecystitis 27 26 30 83 (27-7) 
Biliary colic 42 52 45 139 (46:3) 
Values in parentheses are percentages 
Table 2 Reasons for conversion to open cholecystectomy 
Indication for Unsafe 
operation anatomy Bleeding Other Total 
Gallstone pancreatitis 0 0 0 0 
Acute cholecystitis 12 1 2 15 
Chronic cholecystitis 5 3 0 8 
Biliary colic 2 1 2 5 
Total 19 5 4 28 
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Table 3 Results of selective cholangiography in 272 patients who underwent laparoscopic cholecystectomy 














Cholangiography ERCP 
None Peroperative Preoperative Postoperative Total 
No. of patients 229 5 27 H 272 
No. with positive investigation 0 0 7 (26) 2 (18) 9 (3-3) 
No. with duct injury 2 0 0 0 2 (0-7) 








Values in parentheses are percentages. ERCP, endoscopic retrograde cholangiopancreatography 


choice between preoperative ERCP or peroperative cholangiography 
was left to the consultant looking after the patient. All patients were 
followed up after operation for a period ranging from 7 to 26 (mean 
12) months. 


Results 


Of the 300 patients undergoing laparoscopic cholecystectomy, 
28 operations were converted to an open procedure. Nineteen 
operations were converted because of unclear anatomy where 
further dissection was deemed hazardous. In five patients a 
minilaparotomy was performed to control bleeding. Instrument 
failure resulted in conversion to open operation in three patients 
early in the series and one patient had open cholecystectomy 
because carcinoma of the gallbladder was suspected (Table 2). 
In total, 272 patients underwent successful laparoscopic 
cholecystectomy. 

In all, 229 patients did not have cholangiography (Table 3). 
In this group there were two common duct injuries, both of 
which occurred early in the dissection, before the point at which 
operative cholangiography would have been performed. In the 
first case the injury occurred in the hands of a junior operator 
in a patient with chronic cholecystitis, while the second 
happened as an experienced senior operator was attempting to 
dissect the cystic duct in an acutely inflamed gallbladder. In 
neither case was the duct transected and in both patients the 
latter was easily repaired by simple suture and placement of a 
T tube. Subsequent cholangiography in both patients showed 
a normal biliary tree. However, at 10 months one patient had 
a narrowed segment in the CBD at the level of the injury, 
although the results of liver function tests were normal. 

Peroperative laparoscopic cholangiography was performed 
in five patients, in none of whom was any common duct 
pathology revealed. Preoperative visualization of the biliary 
tree using ERCP was performed successfully in 27 patients, of 
whom seven (26 per cent) had CBD stones. All seven patients 
were successfully treated by sphincterotomy during ERCP. 
Postoperative ERCP was performed in 11 patients and was 
positive in two. In the other nine patients a normal CBD was 
demonstrated. In total there were nine symptomatic common 
duct stones and two CBD injuries. Of 240 patients who did 
not undergo preoperative or peroperative cholangiography, as 
yet only two (0°8 per cent) have returned with symptomatic 
CBD stones. 


Discussion 

Laparoscopic cholecystectomy is now the treatment of choice 
for symptomatic gallstone disease in most major centres'?*”-?. 
In the present study, 240 of 272 patients (88-2 per cent) 
submitted to laparoscopic cholecystectomy did not undergo 
either preoperative or peroperative cholangiography. Subse- 
quently 11 patients returned with symptoms sufficient to 
warrant postoperative ERCP. However, only three patients 
developed jaundice after operation and of these only two had 
CBD stones at ERCP. Both patients were successfully treated 
by endoscopic sphincterotomy (ES). Jaundice in the third 
resolved spontaneously and findings at ERCP in this patient 
were normal. Thus, at a mean follow-up of 12 months, only 
two of the 240 patients (0:8 per cent) have returned with 
symptomatic retained CBD stones. 
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The incidence of common duct stones is about 12 per cent 
in patients undergoing cholecystectomy'°. Unsuspected CBD 
stones occur in 1:2-14 per cent of patients, with a mean of 
6 per cent*. However, Yip and colleagues have suggested that 
the incidence of unsuspected stones has been overestimated 
and, in an analysis of 356 patients undergoing cholecystectomy 
with routine cholangiography, they detected no unsuspected 
common duct calculi!’. The natural history of unsuspected 
CBD stones is unknown, but a number of reports have 
documented the spontaneous passage of stones into the 
duodenum!?-'®, Older reports of cholecystectomy without 
cholangiography suggest that only 0-3 per cent of patients will 
subsequently return with biliary problems!?~!°, More recently, 
Voyles and colleagues reported that only two of 249 patients 
(0-8 per cent) had a clinical episode following laparoscopic 
cholecystectomy suggesting a retained stone*®. The results of 
the present analysis are consistent with these observations. Only 
0-8 per cent of patients who did not undergo cholangiography 
returned with symptomatic CBD stones at a mean of 12 months 
after laparoscopic cholecystectomy. Such stones can be 
managed safely and efficiently by ES?). We suggest that, 
analogous to the current approach to asymptomatic gallbladder 
calculi??, silent CBD stones should not be treated until they 
become symptomatic. 

Significant anatomical variation of the biliary tree may 
predispose to iatrogenic duct injury if it is not identified before 
dissection of Calot’s triangle. Variation in biliary anatomy has 
been recorded in 3—15 per cent of individuals?*. Advocates of 
routine peroperative cholangiography maintain that demons- 
tration of biliary anatomy reduces the chance of iatrogenic duct 
injury. Data from retrospective series have shown that 
approximately 0-3-0-5 per cent of patients undergoing open 
cholecystectomy sustain bile duct injury?*~?°, although 
advocates of routine cholangiography have reported rates as 
low as 0-1 per cent?’. Similar incidences of duct injury have 
been reported in series of laparoscopic cholecystectomy in 
which routine (0-3-0-6 per cent )**-?9 or selective (0 per cent )?° 
cholangiography was used. In their experience with selective 
cholangiography the present authors have had two duct injuries 
in over 400 laparoscopic cholecystectomies (0-5 per cent). Both 
occurred early in the dissection around the cystic duct, before 
the point at which cholangiography would have been 
performed. Subsequent cholangiography showed that there was 
no anatomical abnormality in the biliary system in either 
patient. In neither case was the duct transected and repair was 
easily achieved in both patients. Thus, we believe that the use 
of routine cholangiography would not have prevented these 
injuries. The risk of CBD injury can be minimized by assiduous 
attention to detail in the dissection of the cystic duct- 
gallbladder junction. We agree completely with Ponsky*° that 
‘the cystic duct should be unequivocally traced up onto the 
gallbladder prior to any clipping or division’. If the anatomy 
is still unclear then cholangiography is indicated and the 
surgeon should have a low threshold for conversion to open 
surgery in this situation. 

Operative cholangiography is not an ideal investigation: up 
to 50 per cent of cholangiograms are associated with technical 
errors*', while up to 30 per cent of films are unsatisfactory for 
decision making~?, leading to a mean false-positive cholangio- 
graphy rate of 3 per cent?*. False-positive cholangiograms, in 
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addition to leading to unnecessary bile duct exploration or 
ERCP, are associated with higher morbidity, mortality and 
cost*:!!.12.19-34.35, Using a policy of selective cholangiography, 
up to two-thirds of CBD explorations can be avoided’?. 
Furthermore, operative cholangiography does not eliminate the 
problem of retained stones after common duct exploration and 
values of up to 22 per cent have been reported*®. 

Operative cholangiography is expensive, although accurate 
calculation of costs is difficult. In 1986, Gerber* estimated the 
cost of peroperative cholangiography at US $500 (£300) and 
calculated that the detection of one unsuspected but clinically 
important CBD stone cost US $166 500 (£100000). Although 
Voyles et al.*° have calculated that laparoscopic cholangio- 
graphy is slightly less expensive at US $300 (£180), we must 
agree with Gerber’s conclusion that ‘at best routine operative 
cholangiography obviously is not cost effective and at worst, 
is an unconscionable waste of money’*. Moreover, Holmin and 
colleagues showed that selective operative cholangiography 
would lead to a saving of 4-5 per cent of the expected hospital 
costs?*, ` 

We advocate that cholangiography be performed only in 
selected patients who have either clinical or biochemical 
evidence of CBD stones or in whom there is a real concern 
about the anatomy of the biliary tree. A recent review of this 
controversial area reached similar conclusions*’. If there are 
any doubts about the relationship of the structures in Calot’s 
triangle, traditional open cholecystectomy should be performed. 
Until more is known about the natural history of CBD stones 
it seems inappropriate to perform an investigation that may be 
required in only a small proportion of patients undergoing 
laparoscopic cholecystectomy. : 
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PT os, 


Cholecystectomy is advocated after gallstone pancreatitis to 
prevent recurrent attacks. Surgery is recommended during the 
same admission because many patients develop recurrent 
pancreatitis while waiting for cholecystectomy *?. The manage- 
ment of common bile duct (CBD) calculi in patients with acute 
pancreatitis has been revolutionized by the finding that 
endoscopic retrograde cholangiopancreatography (ERCP) and 
endoscopic sphincterotomy (ES) during the early stages of an 
attack of pancreatitis are not only safe but improve outcome 
in patients with severe‘disease*: ` 

Laparoscopic cholecystectomy has rapidly become estab- 
lished as the treatment of choice for cholelithiasis in many 
hospitals in the UK. Because laparoscopic exploration of the 
CBD is still in its infancy, ERCP and ES are generally used to 
detect and treat choledocholithiasis in patients having 
gallbladder stones treated by laparoscopic cholecystectomy*. 
A logical approach to acute gallstone pancreatitis would be to 
combine early ERCP and ES followed by laparoscopic 
cholecystectomy when the CBD is clear of stones. This method 
has been studied prospectively in 16 consecutive patients with 
acute gallstone pancreatitis. 


Patients and methods 


Sixteen consecutive patients (six men, ten women) of median age 55:5 
(range 25-80) years were studied. A diagnosis of acute gallstone 
pancreatitis was based on history, clinical examination, serum amylase 
level >1000 units/ml, and demonstration of gallstones by ultra- 
sonography within 24h of admission. The severity of disease was 
assessed according to the criteria of Blamey et al.>. In cases of severe 
pancreatitis, ERCP was undertaken on the next available list, whereas 
in mild disease it was performed a few days later after the attack had 
settled. When the common duct had been cleared, laparoscopic 
cholecystectomy was performed on the next available routine operating 
list. 


Results (Figure 1) 


Of the 16 patients, 12 had mild pancreatitis and four severe 
disease; six were jaundiced at admission. ERCP was undertaken 
a median of 4 (range 1-9) days after admission. Cannulation 
of the CBD was achieved in 12 patients during the first ERCP 
procedure and in three at the second attempt (one required 
intravenous cholangiography to confirm that the CBD was 
clear). Stones were found in seven patients, two with severe 
disease. Calculi were cleared after ES in four patients during 
the first ERCP procedure and in three duct clearance was 
confirmed at repeat ERCP 8, 11 and 18 days after admission. 
ERCP took a median of 30 (range 20-45) min and there were 
no complications attributed to it. 

Laparoscopic cholecystectomy was performed a median of 
10 (range 4-34) days after admission. Four patients were 
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Sex Age 
(years) 
F 
F 
F 
F 
F 
F 
F 
.F 
F 
F 
M 
M 
M 
M 
M 
M 





Time after admission (days) 


Figure 1 Details of 16 patients with gallstone pancreatitis. ©, Endo- 
scopic retrograde cholangiopancreatography (ERCP); D, laparoscopic 
cholecystectomy; +, discharge from hospital; , patient allowed home 
between ERCP and laparoscopic cholecystectomy 


allowed home after ERCP and ES and readmitted as soon as 
possible for operation. The median operating time for 
cholecystectomy was 50 (range 30-120) min; gallstones were 
found in all patients. Two patients had fluid collections visible 
at laparoscopy; these settled over a 10-week period. There were 
no complications attributable to laparoscopic cholecystectomy. 
The median postoperative stay was 2 (range 1-3) days and 
return to work or normal activities was achieved within a 
median of 10 (range 5-20) days. The mean total hospital stay 
was 9-5 (range 5-22) days. 


Discussion 


If cholecystectomy is delayed by 3 months after gallstone 
pancreatitis, up to 50 per cent of patients will suffer recurrent 
attacks of pancreatitis. However, cholecystectomy within 48 h 
of admission is associated with an increased mortality rate®, 
Since ERCP is safe and may improve outcome in severe 
pancreatitis, this is advocated early in patients admitted with 
gallstone pancreatitis. When the CBD is cleared of stones, 
laparoscopic cholecystectomy may be performed safely. This 
minimally invasive approach to gallstone pancreatitis provides 
definitive treatment during a single hospital admission, reduces 
the likelihood of recurrent pancreatitis and allows a shorter 
recovery period before return to work. 
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Restorative proctocolectomy with construction ‘of an ileal 
reservoir has been used in the past two decades for the treatment 
of ulcerative colitis and familial adenomatous polyposis (FAP). 
The J shaped ileal reservoir developed by Utsunomiya et al.! 
is widely used?. The J pouch has an adequate size, with a 
capacity similar to that of the normal rectum (300-400 ml), 
and empties well without the need for catheterization**. 

Excellent functional outcome is achieved in patients with 
ulcerative colitis and FAP following restorative proctocolectomy 
with construction of a J pouch?+. However, functional 
imperfections are still frequent; the causes of such impairment 
are sphincter damage, insufficient reservoir capacity and 
improper pouch dynamic characteristics. Recently, Schoetz er 
al.> and Oresland and colleagues® have reported an apical 
pouch bridge syndrome in which three and six patients, 
respectively, experienced tenesmus and bleeding on evacuation 
after restorative proctocolectomy with construction of a J 
shaped reservoir. Oresland et a/.° described the unsplit apical 
pouch bridge of the J shaped reservoir emerging through the 
anus during straining. This bridge caused outlet obstruction. 
This paper describes a technique for division of such an apical 
pouch bridge. 


Surgical technique 


The J pouch was constructed from two ileal limbs (each 20-cm long) 
using the GIA (Auto Suture, Norwalk, Connecticut, USA) stapling 
apparatus. Two small transverse enterotomies were made halfway along 
both ileal limbs. Through these enterotomies, the stapler was fired 
sequentially towards the apex and base of the pouch. The resulting 
septum was left in situ. 

Transanal apical pouch bridge division was performed under 
lumbar anaesthesia. The patient was placed in the prone jack-knife 
position and the anus gently dilated with anal retractors to expose the 
ileoanal anastomosis. Two Nelaton catheters (vinyl chloride drains; 
Terumo, Tokyo, Japan) were used to anchor the apical pouch bridge 
after it had been pulled out of the anus. The apical bridge was then 
divided using a GIA50 stapler (Figure !). 


Results 


Between August 1984 and December 1991, 109 restorative 
proctocolectomies with construction of a J shaped reservoir 
have been performed, in 65 patients with ulcerative colitis and 
44 with FAP; five patients (5 per cent) with the apical pouch 
bridge syndrome have been encountered. 
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Figure 1 /nsertion of the GIA50 stapler below the apical pouch bridge 
before division 


After an uncomplicated postoperative course, all five 
patients presented 2-5 years later with evacuation difficulties 
in the sitting position, while straining at stool. Peranal bleeding 
was usually noted. Digital examination revealed no anastomotic 
stricture and there was no endoscopic evidence of inflammatory 
changes in the mucosa. Pouchography revealed slight dilatation 
of the ileal reservoir and evacuation pouchography showed that 
the unsplit apical pouch bridge prolapsed to cover the anal 
canal when the patient strained in the sitting position. 


Discussion 

The apical pouch bridge acted to block the reservoir outflow 
and sometimes prolapsed through the anus®. On review at 6 
months after division of the bridge, symptoms related to 
defaecation had resolved completely. 

It is very simple to divide the apical pouch bridge as 
described. The patient’s symptoms are dramatically improved 
by this procedure, with a good functional result. This pitfall 
should be taken into account by surgeons when deciding on 
the construction of a J pouch. 
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Individuals with a strong family 
history of colorectal cancer 
demonstrate abnormal rectal 
mucosal proliferation 


Thirty-seven individuals with an increased lifetime risk of colorectal 
cancer because of family history and a control group (n = 21) with no 
such family history underwent colonoscopy. No neoplastic lesion was 
found in any individual. Rectal biopsies of macroscopically normal 
mucosa were taken 8 cm from the anal margin and mucosal proliferation 
assessed by the crypt cell production rate (CCPR). There was no 
difference in CCPR between the control group (median 10 (95 per cent 
confidence interval 7—11) cells per crypt per h) and those at intermediate 
risk (lifetime risk between 1:17 and 1:10, n = 14). However, there was 
a significant difference in CCPR between the control group and those 
at higher risk (lifetime risk >1:10, n = 23) (median CCPR 13 
(95 per cent confidence interval 10—17) cells per crypt per h, P = 0-004). 
A high risk of colorectal cancer derived from family history correlates 


Mr P. S. Rooney 


There is evidence linking colorectal mucosal proliferation and 
large bowel neoplasia! *. Individuals belonging to kindreds 
with an autosomal dominant inheritance of familial adeno- 
matous polyposis (FAP) or hereditary non-polyposis colorectal 
cancer have been identified, and rectal mucosal proliferation 
in these individuals is increased compared with that in controls 
without such a family history*:®. Hyperproliferation may, 
therefore, be the first step in the transformation from flat normal 
mucosa to neoplastic tissue. Fearon and Vogelstein, from 
genetic work in FAP, postulated deletions of 5q leading to 
hyperproliferation of colorectal mucosa in individuals free of 
neoplasia’. 

The genetic link was first studied by Warthin, who described 
a familial aggregation of patients with colorectal cancer’. 
Detailed study of pedigrees allows individuals at risk of such 
cancer to be identified, and a mathematical lifetime risk of 
disease can be calculated based on the age and number of 
relatives affected within the kindred. The risk ranges?"!° from 
an autosomal dominantly inherited risk of 1:2, to 1:10 where 
there is one affected relative under the age of 45 years, to a 
lower intermediate risk of 1:17 where one relative affected is 
over the age of 45 years, to a population risk of 1:50. 

This study correlates individual calculated cancer risks with 
biomarker proliferation indices for a heterogeneous group of 
individuals presenting to a family history of colorectal cancer 
screening clinic. Rectal mucosal proliferation was measured 
using the metaphase arrest technique because of its simplicity 
and technical advantages over the labour-intensive tritiated 
thymidine procedure. The method used was based on those 
previously described'!-'5, 


Patients and methods 


Thirty-seven individuals with a family history of colorectal cancer were 
identified and the persona! risk of such cancer calculated from a detailed 
family history. They were stratified into high- (> 1:10 lifetime risk) 
and intermediate- (lifetime risk between 1:10 and 1:17) risk groups 
(Figure 1). All subjects in the family history group were shown to be 
free of neoplasia by total colonoscopy. Twenty-three individuals were 
in the high-risk group and 14 in the intermediate group. Twenty-one 
individuals without tumours on colonoscopy but with no family history 











Presented to the Surgical Research Society in London, UK, January 
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with an increased colorectal mucosal proliferation rate. 


were identified to act as a control group with a population risk of 
colorectal cancer (1:50). 

Control subjects underwent colonoscopy because they had had a 
positive faecal occult blood test, an equivocal barium enema finding 
or hyperplastic polyps. 

Endoscopic biopsies were taken 8cm from the anal margin. The 
bowel preparation in these subjects was Klean-prep (Norgine, Oxford, 
UK), which has minimal effect on mucosal proliferation and histology, 
unlike senna preparations'®!7, Normal rectal mucosa was confirmed 
by histological examination in all cases. 

Mucosal proliferation was measured by the metaphase arrest 
technique and the crypt cell production rate (CCPR) calculated!!-'+. 
Biopsies were divided into 2-mm portions (explants) and placed in 
tissue culture medium RPMI 1640 (Gibco, Paisley, UK) to which was 
added 0-001 per cent gentamicin and 10 per cent fetal calf serum (Sigma 
Chemicals, Poole, UK ). Samples were stored overnight (18 h) to allow 
for any extraction artefact'?:!>. At the time of assay the organ culture 
medium was replaced with fresh medium containing 1 ml 5 ug/ml 
vincristine. The culture medium containing the explants was incubated 
in an atmosphere of 5 per cent carbon dioxide—95 per cent oxygen. 











1:2 1:6 1:8 1:10 1:12 1:17 1:50 
Estimated risk of colorectal cancer 


Figure 1 Number of individuals and calculated colorectal cancer risks. 
O, Controls (n= 21); W, high-risk individuals (n = 23); Bi, 
intermediate-risk individuals (n = 14) 
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Explants were removed from tissue culture at 25-, 50- and 75-min 


timepoints, fixed in Carnoy’s solution for 24h and then stored in , 


70 per cent ethanol. The tissue was rehydrated and stained as described 
by Barsoum ef a/.'8, The number of metaphase arrests was counted in 
20-30 crypts. The CCPR was calculated from least squares regression 
analysis of the data points and expressed as cells per.crypt per hour. 

Approval was ‘granted by the ethical committee of University 
Hospital, Nottingham, and informed consent obtained from all 
individuals in the study. 


Statistical analysis 

Proliferation data were compared using the Mann-Whitney U test. A 
95 per cent confidence interval (c.i.) was calculated. Comparisons of 
age employed Student’s unpaired t test. 


Results 


The study populations and estimated cancer risks are shown 
in Figure 1. The median (95 per cent c.i.) age of the study group 
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Figure 2 Relationship between crypt cell production rate (CCPR) and 
intermediate lifetime risk of colorectal cancer. Bars are medians 
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Figure 3 Relationship between crypt cell production rate (CCPR) and 
high lifetime risk of colorectal cancer. Bars are medians; the dotted line 
indicates the 95th centile of control group data, used to define the upper 
limit of normal proliferation 


was 41 (19-68) years, significantly less than that of the control 


_ group of 57 (39271) years (t = 49, 56 d.f., P = 000001). 


There was no difference in CCPR between the intermediate- 
risk group and controls (Figure 2). The high-risk group had a 
significantly higher median (95 per cent c.i.) CCPR than the 
control group (13 (10-17) versus 10 (7-11) cells per crypt 
per h, P = 0-004) (Figure 3). Using the 95th centile of the 
control group data (CCPR 15 cells per crypt per h), a cut-off 
may be applied to define the upper limit of normal proliferation. 
Applying this cut-off to the high-risk group, ten individuals 
lying outside the normal range can be identified, ie. with 
hyperproliferation (Figure 3). : ‘ 

From Figure 1 the number of individuals who might expect 
to develop colorectal cancer in the high-risk group (expected 
cancer phenotype) can be calculated. For this particular group, 
two from the 1:2 group and two from the other 18 patients in 
the high-risk group are identified, giving an expected cancer 
phenotype for approximately four individuals. 


Discussion 

Raised CCPR is related to an increased risk of colorectal cancer 
determined by a strong family history of the disease. In the 
high-risk group there was striking variation in CCPR compared 
with controls. Some individuals in the high-risk group had a 
low CCPR and there was overlap of confidence intervals with 
the control group. This may be explained because some 
individuals in the high-risk group will not have a genetic 
predisposition to colorectal cancer. Those at intermediate risk 
did not demonstrate similar variation, but the small sample 
size may be one explanation. 

More individuals in the high-risk group expressed mucosal 
hyperproliferation than were calculated as the ‘expected cancer 
phenotypes’. This increased proportion of individuals with 
hyperproliferation may be explained by shared environmental 
effects or polygenic factors, as Lovett postulated in explaining 
the apparent non-mendelian pattern of inheritance in her 
pedigrees’. Burt et al. proposed an alternative hypothesis based 
on a single partially penetrating autosomal dominant gene’?. 
They found a greater number of individuals with adenomas in 
a family history group than in controls and postulated that 
adenomas were inherited in an autosomal dominant fashion, 
which would explain the familial clustering of cancers and 
adenomas. Fearon and Vogelstein’ postulated transformation 
of flat mucosa to adenoma mediated through mucosal hyper- 
proliferation due to a genetic defect in chromosome 5. If Burt 
et al. and Fearon and Vogelstein are correct, then the increased 
proportion of individuals in the high-risk group with abnormal 
proliferation should be expected. 

No time-scale for the development of hyperproliferation is 
known. This study shows that transformation to a hyper- 
proliferative state is an early one as the patients in the study 
group were significantly younger than controls. It is possible 
that the age distribution alone may explain the results, but this 
is not likely. One study?®°, relating age and rectal mucosal 
proliferation in individuals shown to be free of neoplasia at 
colonoscopy, found a significantly lower rate of proliferation 
in those below the age of 50 years compared with those over 
75 years. Had data from the present study followed this pattern 
the effect of age would have tended to manifest itself in a higher 
proliferation rate in the controls and lower proliferation in the 
younger study group. This was not the case, suggesting that 
other factors are acting. Deschner et al. described a study of 
young individuals at high risk of colorectal cancer and found 
more proliferation abnormalities in this group than in a control 
group of young medical students, although there was no 
increase in the labelling index?'. 

Other in vitro proliferation studies using the metaphase 
arrest technique in humans have shown an increased CCPR 
associated with ulcerative colitis and adenoma formation'*'8, 
All the mucosal samples were histologically verified as normal 
and no patient with colitis was identified in the present study. 
In the control group there was a single outlying CCPR of 24 
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cells per crypt per h, the significance of which is unclear. An 
adenoma may have been overlooked as Hixson et al. found 
that 14 per cent of adenomas of diameter <8 mm were missed 
at colonoscopy??. 

This study has shown mucosal hyperproliferation to be 
present in a group of individuals with a strong family history 
of colorectal cancer; those with mucosal hyperproliferation may 
warrant closer surveillance. Mucosal hyperproliferation may 
be used as a biomarker in trials of dietary or pharmacological 
intervention, with response monitored by further measure- 
ments. Additional work is needed to define the applicability of 
mucosal proliferation measurements as a marker for cancer risk 
in such individuals. 
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Panproctocolectomy with terminal ileostomy has been the 
standard surgical management for ulcerative colitis for a long 
time. The procedure is curative and the clinical results generally 
believed to be excellent. The main disadvantage is that the 
patient is left with a permanent ileostomy incontinent of stool 
and gas. After the introduction of the spout ileostomy by 
Brooke! in 1952 the stomal problems of stenosis, retraction 
and peristomal irritation decreased markedly. Recently 
restorative proctocolectomy has been developed and is 
currently preferred to panproctocolectomy in many centres as 
it eliminates the need for a permanent stoma. This is an attempt 
to achieve normality and improve the patient’s quality of life. 
However, the operation is not without its own problems such 
as sepsis, the need for revisional procedures, and worrying 
changes in pouch epithelium with the passage of time. Such 
concerns prompted reanalysis of the effects of an ileostomy on 
the patient’s lifestyle. Previous studies have shown that patients’ 
attitudes and lifestyles were not impaired?~®, although others 
have suggested difficulties in as many as 45 per cent of cases’!” 

It is difficult to assess quality of life because of the lack of 
a perfect yardstick. Patients’ quality of life and the presence or 
absence of psychological morbidity were audited using a postal 
questionnaire, in conjunction with the General Health 
Questionnaire (GHQ 30), used for the first time in patients 
with an ileostomy. 


Patients and methods 


A questionnaire was sent to 113 patients with an ileostomy under 
long-term follow-up at the North Staffordshire Hospital Centre. Not 
all of the patients were originally operated on in this centre: some had 
the operation at other hospitals and then moved to the area. A postal 
questionnaire (available from the authors on request) was preferred to 

‘interviewing to avoid interviewer bias. The questions related to the 
stoma, bag emptying and changing, peristomal skin problems, dietary 
restrictions, leisure activity, holidays and travel, sex life, sporting 
activity and an assessment of satisfaction, to find out whether or not 
the patients were happy with the ileostomy. A final question asked the 
patient’s view on the pouch procedure. The patients were asked 
whether, given the opportunity, they would have preferred an ileoanal 
pouch instead of the ileostomy. Details were given of frequency of 
bowel action by day and night, and it was stressed that more than one 
operation might be required to construct an ileoanal reservoir. All 
questions were designed so that an objective response could be given. 
A copy of the GHQ 30 was enclosed to assess psychiatric morbidity. 
This questionnaire ts the ‘gold standard’ in screening for psychiatric 
disorders, It is aimed at detecting those forms of psychiatric disorder 
that may have relevance to a patient’s medical condition, so that its 
focus must be on psychological components of ill-health'?. The study 
used version 30, containing 30 questions, and the GHQ method of 
scoring, which reduces the bias associated with bimodal response scales. 
This method has the advantage of eliminating any errors from 
‘end-users’ and ‘middle-users”!?. 
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The recent introduction of restorative proctocolectomy for the treatment 
of ulcerative colitis has reopened the debate about the effects of ileostomy 
on quality of life. This study analysed life quality and psychological 
morbidity in 113 patients with an ileostomy using a postal questionnaire 
which included questions about their opinion of the pouch operation. Of 
the questionnaires, 73 per cent were suitable for analysis. A total of 
93 per cent of those responding were happy with the ileostomy and 
appeared to have adapted to a normal life with it. Some 87 per cent 
stated that they would keep the ileostomy in preference to an ileoanal 
pouch, In addition, psychological morbidity as assessed by the General 
Health Questionnaire occurred in only 5 per cent of patients. 


The patients who replied (32 men and 50 women) had a mean age 
of 52:7 (range 17—91 ) years, mean age at time of surgery of 40-1 (range 
12-75) years and mean duration with the ileostomy of 12:8 (range . 
1-44) years. 


Results 


Questionnaires were returned by 82 patients, a response rate 
of 73 per cent. Only 39 patients answered specifically the 
‘indication for surgery’ question: 26 had had surgery for 
ulcerative colitis and 13 for Crohn’s disease. 

The mean daily frequency of bag emptying was 3-6 (range 
2-8). The mean weekly frequency of bag change was 1-7 (range 
1-6). Only 5 per cent of patients reported a need to empty or 
change the bag during the night. Some 35 per cent of patients 
reported that the bag leaked once a week or once a month. 

The ileostomy had undergone retraction or protrusion 
episodes at some time in 36 patients. Peristomal skin irritation 
had occurred at some point in 58 (74 per cent) of patients but 
only in nine (11 per cent) of the total number of patients was 
it weekly and in 16 (20 per cent) monthly. The remainder 
reported that skin irritation episodes were annual or even less 
frequent. Twenty patients (26 per cent) reported never having 
any peristomal skin irritation. 

Medication was required to control the ileostomy effluent 
in 32 per cent of patients. Ten (12 per cent) used the medication 
permanently and four patients (5 per cent) employed more 
than one preparation for this purpose. The preparations used 
were codeine phosphate, diphenoxylate and loperamide. 

Dietary restrictions were common: 40 per cent of patients 
avoided particular food to prevent excessive gas and smell 
production, and 35 per cent did the same to avoid excessive 
ileostomy effluent. A total of 21 patients (26 per cent) restricted 
food intake before long journeys. 

The patient’s work, social and leisure activities were affected 
in a substantial number of cases (Table 1). Thirteen changed 
their job as a result of having the stoma. Twenty-five patients 
(30 per cent) played sport before surgery and three stopped 
sporting activities as a direct result of the stoma. Only 17 
patients (21 per cent) reported that the ileostomy affected their 
leisure activities. Housework and gardening taken together 
were affected in 28 (34 per cent), but in 15 (18 per cent) these 
effects were mild. Holidays were affected in 30 (37 per cent) of 
patients, only mildly in 17 (21 per cent). Sex life was affected 
in 34 cases (46 per cent), with mild effects reported by 16 
(22 per cent). 

The patients were generally satisfied with the ileostomy, with 
76 (93 per cent) happy with the stoma. Answers to this question 
varied from ‘As happy as one could be’ to ‘It is wonderful, we 
should have been born with one!’. Most patients (65; 
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Table 1 Lifestyle activities affected by the ileostomy 








No. of Total no. 
patients of answers 
Change in employment} 
Yes 13 (16) 80 
No 67 (84) } 
Sport affected 
Yes 3 (12) 
No 22 (88) } 25 
Leisure activities affected 
Yes 17 (21) } ši 
No 64 (79) 
Housework and gardening affected 
Severely 3 (4) 
Moderately 10 (12) 
Mildly 15 (18) 82 
No change 42 (51) 
Improvement 12 (15) 
Holidays affected 
Severely 1 (1) 
Moderately 12 (15) 
Mildly 17 (21) 81 
No change 34 (42) 
Improvement 17 (21) 
Sex life affected 
Severely 10 (14) 
Moderately 8 (11) 
Mildly 16 (22) 74 
No change 35 (47) 
Improvement 5 (7) 


Values in parentheses are percentages 


87 per cent) indicated that they would not have preferred an 
ileoanal pouch to the ileostomy. 

In the GHQ a threshold score of 4 out of 5 is taken as an 
indication of significant clinical disturbance!?. Four patients 
with an ileostomy (5 per cent) exceeded this threshold, 
indicating significant psychiatric morbidity. Two patients were 
on the borderline, scoring 3-6 and 3-8. The mean score was 
0:58. 


Discussion 
It seems that patients with an ileostomy generally cope well; 
indeed 93 per cent were happy with the stoma. McLeod et al.'? 
found that the restrictions in lifestyle that were encountered by 
some were fewer than those present before operation. 
Peristomal skin irritation occurred in 74 per cent of patients 
at some time after operation. This was the most common 
problem in the present series. Other studies confirm these 
findings, peristomal skin irritation being found in 49-74 per cent 
of patients? 13-15, Some 26—40 per cent of patients in the present 
study applied some form of dietary restriction to avoid excessive 
odour or decrease ileostomy effluent. This was only mild 
self-imposed restriction and no specific diet was mentioned, but 
it seems that trial and error established which particular items 
needed to be avoided. Sport and leisure activities were restricted 
in only a minority of patients in this study, although 34 and 
37 per cent reported that they were affected when asked about 
housework and holidays respectively. Overall, 20 per cent 
reported mild restrictions of holidays and housework, and only 
four were ‘severely affected’; the rest were in the ‘moderate’ 
category. Morbidity occurred with respect to sexual activity: 
14 per cent of patients were severely affected and a total of 
46 per cent adversely affected to some degree. Pemberton et 
al.'* reported that 30 per cent of patients with a Brooke 
ileostomy had sexual limitations, compared with 13 per cent 
of those with ileal pouch—anal anastomosis. A change of 
employment was necessary for 16 per cent of the present 
patients; a similar figure was reported in a previous study’. 
The present authors were impressed to find that psychiatric 
morbidity occurred in only 5 per cent of patients with an 
ileostomy in the present series. In the Cleveland Clinic study’?, 
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using a different method to assess psychological morbidity, 
10 per cent of patients were found to have experienced negative 
feelings from employers, friends and family because of the 
ileostomy and 22 per cent felt they were less attractive physically 
with a stoma. 

What is interesting and encouraging is that almost 
20 per cent of the present patients reported improvement in a 
variety of lifestyle activities and this could be explained only 
by the general improvement in health after overcoming severe 
and debilitating illness. We feel that panproctocolectomy with 
ileostomy still offers patients a good quality of life, and its value 
must not be underestimated. The majority of patients appear 
to have adapted well to their new life with a stoma without 
major psychological morbidity. Most would be reluctant to 
consider conversion to an ileoanal pouch. This question was 
asked not to compare patients with an ileostomy with those 
with a pouch, or to undermine pouch work, but simply to find 
the views of patients after living with a stoma for a long time. 
In the Mayo Clinic study!®, the overall satisfaction with results 
of the operation was 93 per cent for Brooke ileostomy and 
95 per cent for ileal pouch—anal anastomosis. In that study, 
98 per cent of patients with a Brooke ileostomy and 94 per 
cent of those with ileoanal pouches returned to work or school 
after operation. 

Since it is now highly unlikely that prospective randomized 
trials could be mounted to compare these procedures, surgeons 
will have to rely on audit techniques such as those used in this 
report to evaluate results. A large national study of patients 
with an ileoanal pouch in whom such methods have been used 
is now required. 
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Pouchitis occurs in 5-30 per cent of patients following 
restorative proctocolectomy for ulcerative colitis, but is very 
rare after similar surgery in patients with familial adenomatous 
polyposis (FAP)'. The aetiology of pouchitis remains 
unknown, but some have suspected an aetiological relation with 
ulcerative colitis. For this view to be tenable, there must be an 
explanation for the occasional well documented case of 
pouchitis in a patient with FAP?. Two patients with FAP have 
been encountered who have also had a diagnosis of ulcerative 
colitis. This association might explain the occasional case of 
pouchitis in a patient with FAP and still allow the aetiology 
of pouchitis and ulcerative colitis to be closely linked. 


Case reports 


Patient I 


A 23-year-old woman from a known polyposis family underwent 
colectomy and ileorectal anastomosis. The resected specimen contained 
1059 adenomatous polyps. The patient also had multiple cysts and 
congenital hypertrophy of the retinal pigment epithelium. 

Initial postoperative bowel frequency was two to three times daily 
with no urgency. Some 19 months after operation she developed bloody 
diarrhoea, up to seven times daily, and abdominal pain. Sigmoidoscopy 
1 month later revealed a friable bleeding mucosa, biopsy of which 
showed features of active ulcerative colitis with a villiform architecture, 
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crypt distortion, goblet cell depletion and occasional small crypt 
abscesses. Stool culture did not reveal any pathogens. The patient was 
successfully treated with tablets of mesalazine and hydrocortisone 
enemas (Colifoam; Stafford—Miller, Welwyn Garden City, UK). 


Patient 2 

A 22-year-old man presented with a 10-month history of diarrhoea and 
recent passage of blood rectally. Endoscopy showed a moderately 
differentiated adenocarcinoma of the rectum. Anterior resection 
revealed a Dukes’ C adenocarcinoma with nine synchronous 
adenomatous polyps. Subsequent colonoscopy showed multiple polyps 
and a diagnosis of FAP was made. Colectomy with ileostomy was 
performed and the rectal stump oversewn. Histological examination 
showed multiple tubular adenomas scattered throughout the colon; in 
the intervening mucosa there was active ulcerative colitis with distortion 
and branching of the crypt architecture with crypt abscesses and goblet 
cell mucin depletion. There was a diffuse chronic inflammatory cell 
infiltrate in the lamina propria and no granulomas were seen. A 
diagnosis of FAP with ulcerative colitis was made. 


Discussion 

These two cases clearly demonstrate the unusual concurrence 
of FAP and ulcerative colitis. The single well documented report 
of a patient with FAP and pouchitis? has previously raised 
some doubt as to an aetiological association between pouchitis 
and ulcerative colitis, but no comment was made on the 
histological appearance of the resected colon in that case. It is 
possible that this case of pouchitis in FAP arose in a patient 
similar to those in the present report. Taken together, these 
three cases thereby reinforce rather than contradict the probable 
aetiological relation of ulcerative colitis to pouchitis. 
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Screening practice for familial 
adenomatous polyposis: the 
potential for regional registers 


Existing screening practice for familial adenomatous polyposis (FAP) 
was evaluated in 47 families with FAP notified to the West Midlands 
Polyposis Register between February 1988 and July 1990. Of these 269 
individuals, 107 were known to be affected and 162 were at 50 per cent 
prior risk of developing FAP; 35 deceased affected individuals from 
living generations were included in the analysis. Of 105 individuals in 
the at-risk group aged between 12 and 40 years, only 55 (52 per cent) 
were under follow-up by bowel examination. Thirty-seven affected 
individuals had developed colorectal carcinoma before diagnosis; the 
incidence was three of 51 (6 per cent) in those diagnosed through 
screening compared with 34 of 53 (64 per cent) in the unscreened group 
(P <0-001). A total of 28 individuals (26 per cent of the FAP 
population) died from advanced colorectal carcinoma; all were from 
the unscreened population. In 22 (59 per cent) of the cases of colorectal 
carcinoma and 17 (61 per cent) of the deaths from advanced colorectal 
cancer there was a positive family history of FAP; these tumours were 
therefore potentially preventable through screening and prophylactic 
surgery. Since establishing the register the median age at diagnosis of 
the affected patients has been reduced from 32 to 23 years (P = 0-0004) 
and the incidence of colorectal cancer has fallen from 35 to 14 per cent 
(P < 0-05). It is concluded that by providing more comprehensive case 
ascertainment a regional register can have a dramatic effect on this 
largely preventable form of colorectal cancer. Regional registers are 
recommended as an essential component of screening for this disease. 


Familial adenomatous polyposis (FAP) is an inherited 
condition, passed on in an autosomal dominant fashion, that 
when left untreated leads inevitably to the development of 
colorectal carcinoma’. Although the spontaneous mutation 
rate has been estimated!~* as up to 40 per cent, colorectal 
carcinoma should be entirely preventable in at least 60 per cent 
of cases through effective family screening. FAP is known to 
have almost complete penetrance, with all affected individuals 
developing widespread adenomatous polyps in the colon and 
rectum!**, All affected family members will go on to develop 
colorectal carcinoma, usually by the age of 35—40 years!. As 
is the case with most inherited cancers, an increased incidence 
of other malignancies has been shown in FAP including 
periampullary carcinoma*®, thyroid carcinoma’, hepato- 
blastoma® and medulloblastoma’; potentially life-threatening 
desmoid tumours also occur in up to 10 per cent of cases!™! t, 
The inevitability of colorectal carcinoma and its early age of 
onset, however, make this the most important disease 
manifestation. 

The pathognomonic feature of FAP is the development of 
hundreds, often thousands, of adenomatous polyps in the colon 
and rectum. These usually appear by the age of 15-20 years, 
but may not be visible until as late as 38 years of age’. Because 
the development of adenomatous polyps always precedes 
colorectal carcinoma, this feature has been used as a diagnostic 
marker for over half a century’?. The only effective treatment 
currently available is prophylactic colectomy'*, the success of 
which is largely dependent on adequate screening of all family 
members who are at risk to identify new cases before the 
development of carcinoma. Because the age at which colorectal 
polyps develop is variable, screening by repeated bowel 
examination is necessary from puberty until at least 40 years 
of age before a family member can be considered unaffected 614, 
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In 1988 a FAP interest group was started in the West 
Midlands with the purpose of establishing a regional register 
of families. Its aims included the assessment of existing screening 
practice and the introduction of adjuvant screening techniques. 
This paper reports on the pre-existing screening and treatment 
practices in 47 families with FAP notified to the regional register 
up to July 1990. To evaluate its impact, age at diagnosis and 
incidence of colorectal cancer are also reported subsequent to 
the establishment of the register. 


Patients and methods 


The study population was limited to families living in the West 
Midlands, regardless of where individual family members had 
undergone treatment. The region comprises 22 health districts and has 
a population of 5:5 million. The FAP interest group was established 


_ through collaboration between Birmingham University Department of 


Surgery and the West Midlands Regional Department of Clinical 
Genetics. The register was publicized through local surgery and 
gastroenterology meetings and also through personal contacts with 
departments around the region. The interest group also’ funded a 
research fellow (D.G.M.) to help coordinate development of the 
register. 

All index cases were notified to the register from consultants in the 
West Midlands region, who gave permission to contact patients. The 
index case was then contacted and visited, usually at home, by specialist 
genetics clinic nurses. Such individuals were informed of the purpose 
of the register and, with the family’s permission, a pedigree was 
constructed. The general practitioners and consultants involved with 
the other family members were then contacted to obtain permission to 
approach them and arrange for appropriate investigations. Pedigrees 
were confirmed by visiting other branches of the family; for the extended 
family, this often necessitated involving other regional genetics services. 
At this point the histology reports of the index cases and any key 
individuals in the pedigree were requested. Where the diagnosis 
remained in doubt, available specimens and colonic tissue sections were 
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reviewed at the local hospital; in three such cases the sections were 
forwarded for a second opinion before a diagnosis was reached. 
Diagnosis depended on identifying more than 100 colorectal polyps, 
several of which had to be confirmed as adenomas. 

The families were then invited to attend a genetic counselling clinic. 
Initially this occurred in genetics clinics in local hospitals but in March 
1990 a combined ophthalmic and genétics clinic was established to 
which all families were invited to attend for a single visit. At this visit 
the genetic implications of the condition were explained and the 
necessary screening procedures outlined. In addition, a venous blood 
sample was taken for predictive diagnosis'*"'” using polymorphic 
probes linked to the causative gene on chromosome 5. Individuals also 
underwent an ophthalmic examination for congenital hypertrophy of 
the retinal pigment epithelium’*''°. 

Patient details were collated from the patients themselves and family 
members, and confirmed from medical records where available. 
Although full medical records had often been destroyed, histology 
reports were invariably retained, enabling the nature of the operation 
and the findings to be corroborated. . 

Information was stored on all individuals who were affected or born 
with a 50 per cent risk of developing the disease. Any results from 
pedigree data, eye tests or DNA probe analyses were forwarded to the 
consultants and general practitioners concerned. 

Statistical analysis on continuous data was performed using the 
two-tailed Mann-Whitney U test and on categorical data by the x? 
test with Yates’ correction. Significance was assumed at P < 0-05. 


Results 


Pedigree data 


A total of 54 index cases were notified to the register in the 
first 2 years. Seven cases and their respective families proved 
not to have histological evidence of FAP; two pedigrees had a 
Lynch type II pattern of inheritance?°, one pedigree had 
juvenile polyposis, two others a Lynch type I pattern?° and in 
two families the pattern of inheritance was uncertain. Only the 
remaining 47 pedigrees, involving 269 individuals, were 
included in the study. The disease status of the individuals from 
these families is shown in Table 1. 

The patients on the register were under the care of 41 
consultants in 27 hospitals throughout the West Midlands and 
20 family members were being followed up in five outside 
regions. The register did not influence the number of consultants 
involved because family members visited local hospitals for 








bowel screening and were invariably referred to consultants 
already dealing with screening for FAP. 


At-risk individuals 

There were 162 living individuals with a known affected parent 
who were therefore at 50 per cent prior risk of developing the 
disease; 48 were aged <12 years at the time of notification and 
considered too young for screening. A further nine were aged 
over 40 years and had undergone a recent bowel examination; 
these were considered at sufficiently low risk to exclude from 
further screening. The remaining 105 individuals were at the 
appropriate age for screening. However, only 55 (52 per cent) 
of these were under follow-up. 

Although previously many cases underwent barium enema 
at diagnosis, this practice has been replaced in the past decade 
by colonoscopy. Of the 55 individuals being screened, only four 
(7 per cent) had undergone barium enema examination in the 
past 5 years, 23 (42 per cent) either rigid or flexible 
sigmoidoscopy and 28 (51 per cent) colonoscopy. 


Affected patients 


A total of 107 affected patients were identified from the 47 
proven FAP pedigrees; 35 deceased individuals from living 
generations were included. The affected family members had 
been treated by 34 consultants at 24 hospitals in the West 
Midlands and at a further five centres outside this area. The 
type of operation performed is shown in Table 2. 

In addition to the carcinomas found at diagnosis, four of 
48 patients (8 per cent) developed tumours in the rectal stump 
after subtotal colectomy with ileorectal anastomosis; one also 
had a colonic carcinoma present at initial operation. 


Method of diagnosis 

Of the 107 affected cases, 20 (19 per cent) were isolated 
(potential spontaneous mutations) with no clear history of an 
affected parent or siblings; this group could not have been 
identified through family screening. Of the others (pedigree 
cases) either a first-degree relative had already been diagnosed 
or one parent had developed colonic carcinoma before 45 years 
of age, indicating the likely presence of inherited disease. These 











Table 1 Details of patients on the West Midlands Polyposis Register 
M F Total 
Mean age Mean age Mean (range) 
No. (years )* No. (years )* No. age (years )* 

Affected 

Deceased 20 37 15 41 35 39 (20-59) 

Living 36 29 36 28 72 28 (0-58) 
At 50% prior rsk 73 21 89 19 162 20 (0-69) 
Total 129 140 269 


* At death in deceased affected individuals, at diagnosis in living affected individuals and at time of referral to the register in those at 50 per cent prior risk 


Table 2 Details of operations performed on 107 patients with familial adenomatous polyposis 


Median (range) Patients with 








Operation Patients Consultants Hospitals year colorectal cancer 
Palliative treatment 4 4 4 1977 (1975-1979) 4 
‘Hemicolectomy 4 4 4 1982 (1968-1989) 4 

Subtotal colectomy with ileorectal anastomosis 48 22 17 1983 (1963-1990) 18* 
Panproctocolectomy with ileostomy 30 19 16 1983 (1963—1990) 13 
Proctocolectomy with ileoanal pouch 18 5 5 1988 (1982-1990) 1 

Unknown 3 — — — — 0 

Total 107 41 30 1984 (1963-1990) 40 





*Four cases of rectal carcinoma occurred in the rectum remaining after operation 
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87 pedigree cases were categorized by initial reason for 
investigation: in 51 (59 per cent) this was because of call-up 
through family screening and in 36 (41 per cent) entirely 
because of the onset of bowel symptoms. 

A total of 37 patients had at least one colorectal carcinoma 
found at the time of diagnosis: 15 of 20 (75 per cent) isolated 
cases and 22 of 87 (25 per cent) pedigree cases. These 22 
represent potentially preventable cancers. There were 28 deaths 
directly attributable to disseminated colonic carcinoma, of 
which 11 occurred in isolated cases. The remaining 17 were in 
pedigree families, representing a mortality rate of 20 per cent; 
these deaths were potentially preventable through more 
comprehensive family screening. 

In addition to the 28 deaths attributed to colorectal 
carcinoma there were seven from other causes: two from road 
traffic accidents, one pulmonary embolus, one leukaemia, one 
testicular cancer and two probable ampullary carcinoma. 

The high proportion of symptomatic patients was associated 
with .a delay in diagnosis after the expected age at onset of 
adenomatous polyps. The median age at diagnosis of polyposis 
in the pedigree group was 29 (range 8-58) years, a mean of 
13 years after the expected mean age at onset of adenomatous 
polyps (P < 0-001) (Figure 1). 

The mean age at diagnosis of colorectal carcinoma (n = 40) 
was 31 (range 18-58) years. Comparison between patients with 
FAP diagnosed through screening and those diagnosed because 
of symptoms revealed a 15-year difference in the mean age at 
diagnosis (P < 0-001) and a tenfold reduction in the incidence 
of colorectal carcinomas found at the time of diagnosis 
(x? = 36-0, 1 d.f., P < 0-001) (Table 3). Moreover, the Dukes’ 
classification of the cancers was far more advanced in the 
symptomatic group (Table 3). All deaths attributable to 
advanced colorectal carcinoma occurred in symptomatic 
individuals. 


Impact of the family register 
The mean age at diagnosis of the affected population was 
calculated before and after establishing the register. The age 
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Figure 1 Comparison of expected age at onset of polyps (—) with 
actual age at diagnosis (@) in 87 pedigree cases. (Data for onset of polyps 
from Murday and Slack*') 


Screening for FAP: D. G. Morton et al. 


and date of diagnosis was ascertained in 124 affected cases 
known to the register from 1961 up to the end of 1991. From 
1961 to 1987 the mean age at diagnosis (86 cases) was 33 
(median 32) years and did not alter significantly during that 
time. Since 1988, however, the mean age has fallen steadily 
from 27 (median 25) years in 1988 to a low of 20 (median 18) 
years in 1990, rising slightly to 23 (median 20) years in 1991. 
This reduction in the age at diagnosis since introduction of the 
family register is significant (P = 0:0004). The fall in the age 
at diagnosis was accompanied by a predictable rise in the 
number of cases being diagnosed, from a previous peak of 6 
per year to 12 annually for the first 2 years of the register. 

A further five cases (14 per cent) of colorectal cancer have 
been diagnosed since the register was established (two were 
index cases) compared with 37 (35 per cent) previously 
(77 =49, 1 df, P < 0-05). 


Discussion 

The development of a regional register of families with FAP 
has, for the first time, enabled screening and treatment for this 
disease to be reviewed in the West Midlands. 

The population of this area is approximately 5-5 million. 
FAP has a reported incidence!:??-?° of 0-4-1-3 per 10000 and 
a point prevalence!:?° of about 1 per 35000. The most complete 
data come from Scandinavia where population-based registers 
have been established for more than a decade. There are 70 000 
births a year in the West Midlands region, so about 150 living 
affected individuals and a further 300 with a prior 50 per cent 
risk would be expected in the population; this is over twice the 
number so far identified. Incomplete ascertainment is due in 
part to incomplete notification of families. Other non- 
ascertained cases will include undiagnosed new mutations, and 
treated individuals in whom the diagnosis was missed. 

Accuracy of diagnosis is of paramount importance if correct 
advice for family screening is to be given. In the present series, 
seven families did not have evidence of FAP and in these cases 
alternative screening procedures were recommended. This 
becomes increasingly important when adjuvant screening 
measures, using linked polymorphic DNA probes or indirect 
ophthalmoscopy, are undertaken!7:!9:2627, 

The low screening rate (55 per cent) among the population 
at risk is likely to have various causes; the patients” fear of 
repeated bowel examinations and their findings undoubtedly 
plays a part. However, a significant number of this population 
were unaware of the risk to themselves or their relatives. The 
large number of consultants and hospitals involved in treating 
the families compounds the problems. More than one-quarter 
of the general surgeons in the region are involved with treatment 
and follow-up of the families on the register, and other family 
members may live outside the region and wish to be treated 
locally. This makes the collating and updating of pedigrees 
difficult for isolated clinicians. Coordinating screening through 
a regional register overcomes this and so would be expected 
to improve ascertainment. 

Despite the low incidence of proximal carcinomas 
developing without evidence of rectal polyposis, the use of 
flexible colonoscopy has increased in recent years. In three 
major series all patients with FAP with colorectal carcinoma 


Table 3 Comparison of patients identified by bowel screening with those investigated because of bowel symptoms 























Dukes’ classification Patients with 
Method of Mean (range) age colorectal 
identification M F Total at diagnosis (years) A B Cc D’ Unknown Multiple cancer 
Screening 25 26 51 23-6 (10-48) 1 1 0 I 3 
Symptoms 28 25 53 38-5 (12-58) 0 10 13 5 6 7 34 
Unknown 2 I 3 — — — — — — — — 0 
Total 55 52 107 if 11 13 5 7 8 37 
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had rectal polyps at the time of diagnosis'-3* and the present 


findings support this. Occasional cases of proximal carcinomas 
occurring without overt rectal polyposis have been reported?®, 
but sigmoidoscopy, particularly if combined with rectal biopsy 
for microadenoma, should be sufficient for screening families 
with FAP. 

The nature of the operation performed in affected patients 
has changed considerably over the past 10 years ( Table 2), with 
panproctocolectomy increasingly being replaced by restorative 
proctocolectomy. The low incidence of colorectal cancer in 
patients undergoing restorative proctocolectomy reflects the 
reluctance to perform this procedure in the presence of 
colorectal carcinoma. There is also a reluctance to perform 
subtotal colectomy in the presence of widespread rectal 
polyps?°. Early diagnosis is therefore of paramount importance 
for patients to be offered these alternative operations. 

Late diagnosis, particularly after the onset of symptoms, 
was associated with an unacceptably high incidence of 
colorectal carcinoma in the present patients: 34 of 53 
(64 per cent) of the unscreened population. Furthermore, the 
majority of these tumours were advanced at the time of 
diagnosis (Table 3), and the cancer-related mortality rate in 
unscreened cases was 82 per cent. In contrast, only three 
carcinomas were found in the screened population and all 
patients underwent curative surgery. 

Because of improvements in diagnostic and therapeutic 
techniques, the exact long-term impact of the register on 
colorectal cancer morbidity and mortality rates in these families 
will never be entirely clear. The immediate impact of this 
regional initiative is, however, already apparent, with a rise in 
the number of cases diagnosed and a reduction of 9 years in 
the mean age at diagnosis. These improvements have been 
mirrored by a fall in the incidence of colorectal cancer from 35 
to 14 per cent of the affected population at the time of diagnosis. 

The impact of the register also includes: the tracing of 50 
at-risk cases previously unknown or lost to follow-up to be 
contacted for bowel screening; counselling of the parents of 44 
children at risk for FAP; increasing awareness of the condition, 
among both clinicians and affected families; and instituting 
predictive testing using indirect ophthalmoscopy and linked 
polymorphic probes. 

Although this is a selected population, including only those 
families known to the register, the lowering of the age at 
diagnosis and reduction in the associated incidence of colorectal 
cancer serve to indicate the importance of family registration 
as an aid to screening for FAP. 
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Internal anal sphincter 
dysfunction in neurogenic faecal 
incontinence 


Forty-eight patients of median age 57 years with neurogenic faecal 
incontinence and 44 normal subjects of median age 51 years underwent 
fine-wire anal sphincter electromyography and anal manometry. The 
median (interquartile range (i.g.r.)) internal anal sphincter (IAS) 
electromyogram frequency was 0-26 (0:21-0:32) Hz for patients with 
faecal incontinence and 0-44 (0:31-0:55) Hz for controls (P < 0-01). 
The median (i.g.r.) ambulatory resting pressure was 48 (34-68) cmH,O 
for patients and 86 (72-102) cmH,O for controls (P < 0-01) and 
median (i.g.r.) frequency of transient IAS relaxations 9 (7—12) and 4 
(3-7) per h respectively (P < 0-05). Mid-anal pressure fell to a greater 
extent in patients with incontinence during these episodes of transient 
TAS relaxation. Rectal pressure during such relaxation did not exceed 
mid-anal canal pressure in controls, for the patient group, rectal pressure 
increased during relaxation and exceeded mid-anal canal pressure in 36 
cases. Frequent abnormal episodes of IAS relaxation may cause occult 


Mr R. Farouk 


Frequent episodes of transient internal anal sphincter (IAS) 
relaxation have been described in patients with neurogenic 
faecal incontinence’. A recent laboratory-based study described 
such episodes in 18 per cent of patients with incontinence”. To 
elucidate the pathophysiology of IAS dysfunction in faecal 
incontinence, the relationship between IAS electromyogram 
(EMG) activity and ambulatory anal pressure was assessed 
using a computerized system. 


Patients and methods 


Forty-eight patients (median age 57 (range 32-86) years; 42 women) 
with neurogenic faecal incontinence and 44 normal controls (median 
age 51 (range 25-81) years; 32 women) were studied. All patients were 
incontinent of flatus daily, incontinent of liquid and solid stool at least 
once per week and used incontinence pads daily. All the women in the 
incontinent group had an obstetric history with a median of 3 (range 
2—11) vaginal deliveries; 17 of the normal controls had an obstetric 
history with a median of 2 (range 0-4) vaginal deliveries (three 
episiotomies ). 

Fine-wire electromyography was carried out using bared and barbed 
Teflon (Du Pont, Stevenage, UK }-coated stainless steel wires (0-15 mm 
in diameter) on the LAS, external anal sphincter (EAS ) and puborectalis 
muscle. The patient was placed in the left lateral position and an 
intradermal bleb of 0:5 per cent lignocaine infiltrated into the anal skin 
before introduction of the wires using a 21-G needle. The wires were 
connected to a portable computer within the ambulatory recorder 
(Gaeltec, Isle of Skye, UK). The amplifier was gated into one 
low-frequency channel (<10 Hz) to record IAS EMG activity and two 
high-frequency channels (10-1000 Hz) to record the high-frequency 
EAS and puborectalis activity. Recordings of anorectal pressure were 
simultaneously obtained using four microtransducers mounted on a 
probe 3 mm in diameter. The pressure transducers were located at 2, 
6, 12 and 14cm from the tip of the probe. The pressure probe was 
attached by an adaptor to the ambulatory recorder to allow for 
integrated EMG~pressure recordings. The recorder sampled each 
EMG and manometric channel 4 times per s throughout the recording, 
which allowed all IAS activity to be recorded. 

The subject was allowed home and a diary kept of events including 
passage of flatus, defaecation and micturition. An event button facility 
was available on the recorder to correlate the recording with the event 
in the diary. The median recording time was 8 (range 3-17) h. After 
completion of the recording, information on the ambulatory recorder 
was loaded on to a computer terminal (Archimedes Taxan 410; Acorn 
Computers, Cambridge, UK) to be stored on a floppy or hard disc 
facility. 
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faecal leakage in patients with neurogenic faecal incontinence. 


IAS EMG frequency and resting anal pressure were analysed by 
two observers and no significant interobserver variation was noted. 

Results are presented as median (interquartile range (i.q.r.)). 
Statistical analysis was performed using the Mann-Whitney U test 
unless otherwise stated. Data from the first hour of recording were 
ignored to exclude residual influence of the local anaesthetic on 
sphincter function. 


Results 


Controls 

The median (range) age of men (45 (28-71 ) years) and women 
(54 (25-81 ) years) in the control group was not significantly 
different (P > 0-1). There was no significant correlation 
between median (1.q.r.) IAS EMG frequency and age (P > 0-3) 
or sex (men, 0-44 (0-38-0-46) Hz; women, 0-44 (0:36-0:55) 
Hz) (P > 0-1). Because no correlation was found for age and 
sex, all control subjects were compared. No significant sex 
difference was demonstrated for median (i.q.r.) resting anal 
pressure (men, 90 (77-102) cmH,0; women, 84 (72-99) 
cmH,O) {P > 0-1). A significant difference in median (i.q.r.)} 
maximum anal squeeze pressure was shown between female 
controls with a previous obstetric history (140 (110-215) 
cmH,O) and those who were nulliparous (180 (140-290) 
cmH,O) (P < 0-05). The combined results of the group were 
used for comparison with the patient group. 

Episodes of transient IAS EMG inactivity caused by 
rectoanal inhibition were observed in the control group where 
there was a related preceding rise in rectal pressures with a 
resulting fall in anal pressures. Transient IAS EMG silence was 
also seen during micturition. In three individuals, increase in 
upper rectal pressure alone was associated with a fall in anal 
pressure. No other episodes of electrical silence seen in normal 
controls were not preceded by a rise in rectal pressure. These 
episodes of transient IAS inactivity lasted approximately two 
or three cycles of the IAS EMG sinusoidal activity and anal 
pressure was restored to resting levels within 10s, i.e. the fall 
and subsequent recovery of anal pressure lagged behind the 
sphincter EMG events by several seconds. 

The median (i.q.r.) frequency of daytime sampling episodes 
was 3 (1-7) per h in controls below the age of 55 years, 5 
(2-7) per h in those over 55 years of age (P > 0-1) and 4 (3-7) 
per h for the group as a whole; all controls had these episodes 
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Figure 1 Transient internal anal sphincter (IAS) relaxation in a control 
subject (marked by cursor). A rise in rectal pressure is followed by a 
transient decrease in IAS electromyogram (EMG) frequency and a fall 
in anal pressure; rectal pressure does not exceed anal pressure. EAS, 
external anal sphincter; Pubo., puborectalis muscle; Sig., rectosigmoid; 
Rect., ntid-rectum; UAC, upper anal canal; MAC, mid-anal canal; Value, 
reading at position of cursor 
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Figure 2 Transient internal anal sphincter (IAS) relaxation in a patient 
with neurogenic faecal incontinence. Four episodes of transient [AS 
relaxation are recorded in a 4-min period Rectal pressure exceeds anal 
pressure on at least one occasion (marked by cursor). EMG, 
electromyogram; EAS, external anal sphincter; Pubo., puborectalis 
muscle; Sig., rectosigmoid; Rect., mid-rectum; UAC, upper anal canal; 
MAC, mid-anal canal; Value, reading at position of cursor 


of transient IAS relaxation. Upper anal canal pressure 
decreased by a median (i.q.r.) 18 (10-26) cmH,O (P < 0-05 
versus resting pressure, Wilcoxon rank sum test) while mid-anal 
canal pressure fell by 14 (8—19) cmH,O (P > 0-05 versus resting 
pressure). Rectal pressure preceding transient IAS relaxation 
increased by a median (i.q.r.) 12 (9-17)cmH,O (P < 0-05 
versus resting pressure). Rectal pressure exceeded upper anal 
canal pressure in 22 subjects but was never greater than 
mid-anal canal pressure (Figure 1). EAS EMG recruitment 
(range 80-170 per cent) for the duration of JAS relaxation was 
seen in all controls. 


Patients 
The median (i.q.r.) IAS EMG frequency was 0-26 (0:21-0:32) 
Hz for patients with incontinence (P < 0-01 versus controls) 
(Figure 2); median ambulatory anal pressure was also 
significantly lower compared with controls (48 (34—68) versus 
86 (72-102) cmH,0O, P < 0-01). 

Transient IAS relaxation occurred more frequently in the 
patient group (median (i.q.r.) 9 (7—12) per h) than in controls 
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Table 1 Events during transient internal anal sphincter relaxation 








Patients with 
Controls incontinence 
(n = 44) (n = 48) 
No. of daytime relaxations per h 4 (3-7) 9 (7~12)* 
Decrease in upper anal canal pressure 18 (10-26) 19 (11-24) 
(cmH,0) 
Decrease in mid-anal canal pressure 14 (8-19) 23 (14-28)* 
(cmH,0) 
Increase in rectal pressure (cmH,0) 12 (9-17) 24 (12-35)* 


Values are median (interquartile range). *P <0-05 versus controls 
(Mann-Whitney U test) 


(P < 0-05). These episodes lasted two or three cycles of IAS 
EMG activity and were associated with a preceding rise in 
rectal pressure (median {i.q.r.) 24 (12-35)cmH,0; P < 0-05 
versus controls) in all patients. Upper anal canal pressure 
decreased by a median (i.q.r.) 19 (11-24) cmH,,O, which was 
similar to controls (P > 0-05), while mid-anal canal pressure 
fell by a median (i.q.r.) 23 (14-28) cmH,0, greater than the 
fall in controls (P < 0-03) (Table 1). Rectal pressure exceeded 
mid-anal canal pressure in 36 (75 per cent) of the patients 
during transient IAS relaxation (Figure 2). EAS recruitment 
was poor during these episodes (range 0—40 per cent). 


Discussion 

IAS electrical activity is continuous during normal ambulation; 
electrical silence normally occurs only during anorectal 
sampling, passage of flatus, defaecation, micturition and sleep. 
This low-frequency sinusoidal EMG activity recorded from the 
IAS has been demonstrated to be present regardless of electrode 
position in the sphincter muscle’. The traces obtained during 
the present study are comparable to those produced from the 
TAS by other workers from both animal studies and in vitro 
experiments using human material?-*. 

Transient IAS relaxation appears to be a normal physio- 
logical event allowing the sensitive epithelium of the upper 
anal canal to ‘sample’ rectal contents while maintaining 
continence’?"®. These episodes, which are associated with a 
rise in rectal pressure and reduction in anal pressure, occur 
more frequently in patients with incontinence!'?. These episodes 
in combination with lack of support from a damaged EAS may 
contribute to faecal leakage’. Such physiological evidence of 
IAS dysfunction is supported by in vitro demonstration of 
abnormal adrenergic control in patients with idiopathic 
incontinence. 

Transient IAS relaxation was observed in all controls and 
patients. This contrasts with the figure of 18 per cent for patients 
with incontinence reported by Sun et al. in a laboratory-based 
study”. A shorter median recording time of 35min in the 
laboratory compared with 8h for the present subjects may 
account for part of this difference. Given the median frequency 
of IAS relaxation of 4 per h, it might be expected that these 
phenomena would be observed in the laboratory in all patients 
during a 35-min recording. In the present study, as for Sun et 
al.?, these episodes were not seen often in the laboratory and 
transient IAS relaxation frequently did not occur until 1 h after 
ambulatory recordings began. The various manipulations of 
the anorectum, which included EMG wire placement, 
manometer insertion and balloon distension, may interfere with 
the normal pathways and account for the absence of IAS 
relaxation during the first hour of assessment. The patient 
groups studied by Sun et al.? were also of different diagnostic 
categories whereas the present patients were highly selected 
with neurogenic incontinence that excluded rectal prolapse and 
associated disorders; this may account for the differences 
observed. 

Alternatively, the catheter itself may contribute to these 
episodes of spontaneous relaxation because of an irritant effect 
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that increases with time. This would not explain why the 
relaxations are more frequent or prolonged in patients with 
incontinence compared with controls'-?. Furthermore, pro- 
longed recordings over a 24-h period by workers using a 5-cm 
diameter catheter, much larger than in the present study, 
indicate a variability in the frequency of such relaxations related 
to the fasting state and sleep, neither of which can be accounted 
for by catheter irritation alone’. 

The frequency of relaxation was significantly higher in 
patients with incontinence and the fall in mid-anal canal 
pressure during these episodes in such patients associated with 
poor EAS recruitment. It is recognized that these patients have 
denervation of the’ pelvic floor!®41-with associated ultra- 
structural!?~!* and physiological!>-!7 abnormalities of the 
EAS. This may account for the large fall in mid-anal canal 
pressure and poor EAS EMG recruitment in the present 
patients. 

Enhanced rectal contractility and IAS relaxation has 
previously been reported in a subgroup of faecally incontinent 
patients?"!®, A rise in rectal pressure was noted in 48 of the 
present patients associated with transient IAS relaxation, 36 of 
whom had rectal pressure exceeding anal pressure lasting 
10-158 on 7-12 occasions per h. These events will promote 
faecal leakage. 

Laboratory assessment of transient JAS relaxation as a 
source of faecal incontinence appears inadequate because 
sampling events are rarely seen during the short-lived 
‘recordings. Although this paper has concentrated on the 
pathophysiology of IAS dysfunction, incontinence is a 
multifactorial disorder in which there are also abnormalities of 
rectal motility and somatic muscle function. It is believed that 
frequent and prolonged IAS relaxations put undue stress on 
the neurogenically damaged EAS and, therefore, exacerbate 
any tendency to faecal leakage. 
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An improved means of faecal diversion: 
the trephine stoma 


Sir 

The recent paper by Mr Anderson and colleagues (Br J Surg 1992; 
79: 1080-1) is clearly a step in the right direction to minimize an 
otherwise major surgical intervention. There is no doubt, however, that 
a great deal of skill and care is required to ensure that the correct loop 
of bowel is withdrawn. I am aware of one such operation where the 
sigmoid colon was transected and the distal loop brought to the surface 
by mistake, with catastrophic results. 

In two patients I have used a laparoscopic technique to create a 
colostomy, both for palliation. The advantages are clear in that a 
thorough inspection of the abdominal contents is usually possible, the 
loop to be brought up is readily identified and can be dissected free, 
and the surgical insult to the patient is minimal. The initial 
pneumoperitoneum and laparoscopy is performed using the Hasson 
technique of open laparoscopy’, particularly if there has been previous 
surgery or in the presence of obstruction. Before operation two stoma 
points are marked: one convenient for sigmoid colon and one for 
transverse colon. One or other of these sites is used to insert a second 
trocar. A third cannula is inserted in the right side of the abdomen at 
a convenient site, and this should be 12 mm to allow the passage of 
an Endo-GIA (Auto Suture, Ascot, UK) stapler. In both cases it was 
possible to mobilize the sigmoid colon, pass a vascular sling, and 
withdraw it up to the colostomy cannula. It is important to remember 
that in the insufflated (and therefore distended) abdomen the colon 
may not reach as easily to the surface, and one should make a trial of 
deflating the abdomen to ensure adequate but not excessive 
mobilization. 

In the first patient, whose pelvis was obstructed by a massive 
carcinoma of the prostate, it was possible to extend the incision around 
the cannula and pull up the loop. An oxalbumin buffer (Biethium; 
Ethicon, Edinburgh, UK) was inserted as a bridge, which was sutured 
in place using 0 Vicryl (Ethicon), and then the colostomy was opened 
and sutured to the skin as usual using 2/0 catgut. This procedure 
created a definitive loop stoma without the need for glass rods or plastic 
bridges. 

In the second patient, with irresectable rectal carcinoma, the 
Endo-GIA stapler was used to transect the distal sigmoid, requiring 
two passes of the instrument to ensure a good seal (the advent of the 
new 60-mm staplers will make this far easier). It was then possible to 
place further vascular staples across the mesentery to separate the bowel 
ends adequately. The proximal end was brought out as an end 
colostomy and sutured to the skin with catgut after widening the left 
iliac fossa port. No complications occurred with either patient, both 
of whom are alive 6 months later after radiotherapy and chemotherapy. 


C. A. Akke 


Nightingale House 
90a Harley Street 
London WIN 1AJ 
UK 


1. Hasson HM. Modified instrument and method for laparoscopy. 
Am J Obstet Gynecol 1971; 110: 886-7. 


Anatomy and function of the anal 
longitudinal muscle 


Sir 

Further to the excellent and erudite Review by Messrs Lunniss and 
Phillips (Br J Surg 1992; 79: 882-4) on the anal longitudinal muscle, 
I believe some justifiable confusion may exist in the literature over the 
distinction between the rectococcygeus! and anococcygeus? muscles. 
These muscle bundles, which are composed of smooth or non-striated 
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muscle, are well developed accessory muscles of the anorectum in the 
rabbit. In that species the right and left anococcygeus muscles run from 
the anal longitudinal muscle to the upper coccygeal vertebrae. The 
single rectococcygeus bundle takes origin from the longitudinal muscle 
coat of the rectum and runs caudally between the anococcygeus bundles 
to the coccyx (Figure 1). 

Surgical anatomists do-not describe these muscles, yet the current — 
edition of Gray's Anatomy? still refers to the ‘two’ bands of non- 
striated rectococcygeus, with a description that fits better with. the 
anococcygeus. 

Some years ago I examined this region during operation and studied 
specimens from abdominoperineal resection, but I was unable to 
convince myself of any equivalent to the accessory muscles of the rabbit 
anorectum. Clearly it would have been more appropriate to look at 
the anatomy in the intact cadaver pelvis, but time did not permit further 
study. However, I would speculate that, as the tail retracted and 
virtually disappeared during evolution (arrow in Figure 1), the 
rectococcygeus and anococcygeus might merge with surrounding tissues 
and eventually look like the structure illustrated by Courtney* and 
termed the ‘iliorectococcygeus’, which appears to be part of the levator 
ani complex and its fascia posterior to the rectum. Perhaps a study in 
comparative and developmental anatomy might throw more light on 
this issue? 


H. C. McKirdy 


University Department of Surgery 
University of Wales College of Medicine 
Heath Park 

Cardiff CF4 4XN 

UK 
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Figure 1 Simplified representation of the rabbit rectococcygeus and 
anococcygeus muscles. The arrow represents retraction of the tail during 
evolution 
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Limitations of laser treatment for 
malignant dysphagia 


Sir 

We read with interest the paper by Dr Shmueli and colleagues (Br J 
Surg 1992; 79: 778-80) on their experience with laser palliation of 
malignant dysphagia. Since 1989, we have treated 85 patients with 307 
neodymium yttrium—aluminium—garnet laser treatments for malignant 
dysphagia. Almost all procedures were performed on an outpatient 
basis. There were no deaths associated with the treatment. No patient 
required insertion of an endoprosthesis; two suffered perforations, both 
of which were treated conservatively. Of the 85 patients, a further 38 
received, in addition to the laser therapy, endoluminal radiation therapy 
plus external beam radiotherapy and chemotherapy. Patients who 
received both treatments required fewer (P < 0-001) laser treatments 
than those who did not receive chemoradiation treatment. There were 
no treatment-related deaths. 

Given these results, we are concerned at the 12 per cent complication 
rate, 4 per cent mortality rate, 21 per cent laser failure rate and 
11 per cent intubation rate with its-9 per cent mortality rate reported 
by Shmueli et al. We feel that, from our experience, different conclusions 
regarding the value of laser (arfd particularly laser plus radiation) 
therapy in the management of malignant dysphagia can be made. 


D. G. Morgan 
C. J. de Gara 
V. Basrur 

M. Castelli 

G. Menon 

A. Figueredo 


Hamilton Regional Cancer Centre 
699 Concession Street 

Hamilton 

Ontario L8V 5C2 

Canada 


Safety of fibreoptic endoscopy: analysis 
of cardiorespiratory events 


Sir 

We strongly support the conclusions of Mr Thompson and colleagues 
in their recent article on the safety of fibreoptic endoscopy (Br J Surg 
1992; 79: 1046-9). Significant cardiorespiratory depression is 
particularly likely during colonoscopy, and monitoring by pulse 
oximetry is now mandatory. We wish to comment on the possible 
mechanisms suggested by the authors to explain the observed 
cardiorespiratory changes. 7 

We recently studied alterations in arterial oxygen saturation and 
pulse rate ın 80 patients undergoing colonoscopy’. Patients were 
separated into three groups according to the sedation: 16 received 
opiates and benzodiazepines as in the present study, 55 received only 
benzodiazepine, and nine received no sedation. In contrast to the results 
of Mr Thompson and colleagues, we found that the cardiorespiratory 
effects were highly dependent on the sedation used. Thirteen patients 
(81 per cent) sedated with opiate and benzodiazepine suffered 
significant oxygen desaturation (i.e. an oxygen saturation <90 per cent) 
in contrast to 17 patients (31 per cent) who received only 
benzodiazepine (P < 0-002). None of the unsedated patients suffered 
significant desaturation (P < 0-001); indeed, these patients developed 
no significant cardiorespiratory changes. 

We concluded that the cardiorespiratory effects of colonoscopy are 
attributable wholly to the sedative regimen employed. Sedation should 
be kept to the minimum consistent with patient comfort and, whenever 
possible, opiates should be avoided. 


A. B. Paul 
J. M. T. Griffiths 


Department of General Surgery 
Eastern General Hospital 
Seafield Street 

Edinburgh EH6 7LN 

UK 
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hypoxaemia in lower gastrointestinal endoscopy. Endoscopy 1992 
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Laparoscopic versus open 
appendicectomy: a prospective evaluation 


Sir 

It was with great interest that we read the recent paper by Mr McAnena 
and colleagues (Br J Surg 1992; 79: 818-20). A preliminary report of 
these data had appeared in a letter!. We are concerned by the statistical 


` analysis relating to wound infection as presented in Table 1 in the BJS- 


paper. Four of 36 patients receiving open appendicectomy developed 
wound infection as opposed to one of 27 treated by the laparoscopic 
route. Analysing these data by means of Fischer’s (sic) exact test, we 
estimate a P value of 0-28, not P < 0-05 as reported by the authors; 
we note that in the Lancet letter the data did not appear to be 
statistically significant. 

We should also like to know whether there was a protocol for 
prophylactic antibiotic administration and surgical technique, or 
whether it was left to the surgeon’s usual practice. If not, can the 
authors truly claim that laparoscopic appendicectomy significantly 
diminishes the risk of postoperative wound infection? 


M. Sugrue 
A. Lee 
Department of Surgery and Intensive Care 
Liverpool Hospital 
Sydney 
New South Wales 2170 
Australia 


i. McAnena OJ, Austin O, Hederman WP, Gorey TF, Fitzpatrick J, 
O’Connell PR. Laparoscopic versus open appendicectomy. Lancet 
1991; 338: 693 (Letter). 


Authors’ reply 


Sir 

We thank Mr Sugrue and Ms Lee for their interest in this article. 
Perhaps we could draw attention to the sentence in our paper stating 
that ‘all patients were given perioperative intravenous antibiotics in 
accordance with each consultant surgeon’s usual practice’. Regarding 
the data on wound infection presented in Table 1, we have had the 
statistical analysis independently checked by a colleague at this hospital. 
A 7? test, which we believe to be appropriate given the numbers 
involved, gives P <0038. Unfortunately the asterisk denoting 
significance was inadvertently omitted from the Lancet letter. Thus 
wound infection was indeed less frequent following laparoscopic than 
open appendicectomy in our study. 


O. J. McAnena 


Department of Surgery 
Royal London Hospital 
Whitechapel, 

London El IBB 

UK 


Statistical comment 


Mr Sugrue and Ms Lee are correct to question the use of the 7° test 
to compare wound infection rates of four of 36 (11 per cent) with one 
of 27 (4 per cent). The 7? test relies on an approximation that’is valid 
only for large sample sizes, and in this example the problem is the 
small number of wound infections. For the 7° test to be valid in this 
context of comparing groups of a similar size, there would need to 
have been a total of at least ten wound infections observed in the study, 
rather than the five that were observed. 

They are also correct in suggesting that Fisher’s (not ‘Fischer’s’) 
exact test is an appropriate one to use for this comparison, although 
I would have used a two-sided test (which gives P = 0-38) rather than 
the one-sided test that they used to obtain P = 0-28. However, it is 
worth bearing in mind that if the sample size is so small that one does 
need to use Fisher's exact test, then the data are likely to be rather 
uninformative. In this example there is a threefold difference in infection 
rates, and yet the difference is not statistically significant ~ a very ‘soft’ 
negative. 
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Correspondence 


A final point that Mr Sugrue and Ms Lee did not pick up is that 
the y? value used in the original paper was calculated wrongly, and 
rather than being 4-2 (P = 0-038) should have been given as 1-16 
(P = 0-28). The underlying problem thus stems from an incorrect 
calculation rather than an inappropriate choice of statistical test. 


G. D. Murray 


Statistical Consultant 
British Journal of Surgery 


Place of routine operative 
cholangiography at cholecystectomy 


Sir 

We read with interest the recent article by Mr Corder and colleagues 
regarding selective cholangiography in patients undergoing cholecyst- 
ectomy (Br J Surg 1992; 79: 945-7). The debate has received new 
interest with the boom in laparoscopic cholecystectomy, doubtless 
because of the technical difficulties associated both with obtaining an 
operative cholangiogram and exploring the common bile duct (CBD) 
in the presence of an abnormal film’. 

We have recently reviewed a total of 743 open cholecystectomies 
performed over a 5-year period (1985-1990). Ninety-six patients 
(13 per cent) had undergone CBD exploration for proven stones. Based 
on the authors’ preoperative selection criteria for cholangiography, we 
found that these criteria would identify only 44 per cent of our patients 
with duct stones. In addition, in our review the use of pre-exploratory 
operative cholangiography was not associated with any intrinsic 
complications. 

Thus, in our cohort study of patients with CBD stones undergoing 
cholecystectomy, using the criteria of Mr Corder and colleagues, over 
half would have had their stones left in situ, with the potential for 
subsequent biliary leak and pancreatitis. We would further comment 
that routine preoperative intravenous cholangiography is a drain on 
both medical and administrative time and has considerable financial 
implications. 

T. O. Oshodi 
S. Papanastasiou 
M. E. Foster 
M. H. Lewis 


Taff Ely Health Unit 

East Glamorgan General Hospital 
Mid Glamorgan CF38 1AB 

UK 


1.  Fligelstone LJ, Foster ME, Hay D. Laparoscopic cholangio- 
graphy. Ann R Coll Surg Engl 1992; 74: 252-3. 


Authors’ reply 


Sir 

We thank Mr Oshodi and colleagues for their comments. We are 
surprised that our suggested selection criteria for cholangiography 
would have identified only 44 per cent of the common bile duct (CBD) 
stones in their series. This finding is quite contrary to the data in other 
series reviewed in our paper. We would stress that all our criteria should 
be norma! before cholangiography can be safely omitted. In addition, 
we would question whether ultrasonographic CBD diameter was 
measured in all the cases of Oshodi et al. Whether or not some CBD 
calculi are ‘missed’ by selective cholangiography, follow-up of series in 
which such a policy was used shows little evidence that such calculi 
cause future harm. In particular, the problems of ‘biliary leaks and 
pancreatitis’ are conspicuous by their absence. Mr Oshodi and 
colleagues also do not mention any falsely positive cholangiograms: 
their series would be unique if it contained none. Finally, nowhere in 
our paper do we advocate ‘routine preoperative intravenous 
cholangiography’. Like others, we suggest that this procedure may help 
to screen selected patients before laparoscopic cholecystectomy. 


A. P. Corder 


University Surgical Unit 
Southampton General Hospital 
Southampton SO9 4XY 

UK 
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Laparoscopic operations in paediatric 
surgery 


Sir : . 

I read with interest Mr Miller’s Leading Article on laparoscopic 
operations in children (Br J Surg 1992; 79: 986-7). The problem of 
instrumentation is self-evident, but will doubtless be overcome in 
specialist neonatal and paediatric surgical centres. However, most 
pyloromyotomies are performed by general surgeons in district general 
hospitals without access to such equipment. As an enthusiastic 
laparoscopic surgeon I recently found myself about to start a 
pyloromyotomy in an infant, and I resented the idea of making an 
incision large enough to deliver the lesion into the wound. I made an 
incision much smaller than usual but found the lesion to be a large 
one, considerably larger than the size of my incision. It was technically 
straightforward to grasp the tumour gently inside the abdomen with 
a Babcock’s forceps and split the muscle in the usual way under direct 
vision without enlarging the wound. 

I would recommend this approach to any surgeon wishing to reduce 
the incision to one no larger than the 10-mm cannula used in adult 
laparoscopic surgery. In the interests ‘of safety, this approach should 
of course be abandoned if there is the slightest doubt about the technical 
conduct of the muscle split. 


J. L. Grogono 


Wycombe General Hospital 
High Wycombe 

Bucks HP11 2TT 

UK 


Potential candidates for small bowel 
transplantation 


Sir 

We read with interest the article by Ms Ingham Clark and colleagues 
(Br J Surg 1992; 79: 676-9) regarding potential candidates for small 
bowel transplantation. While it is true that small bowel transplantation 
is an attractive alternative to permanent parenteral nutrition, we would 
disagree with the suggested length of residual small bowel necessary 
for a return to normal enteral nutrition. 

We recently managed a 48-year-old woman who developed a 
superior mesenteric artery thrombosis with massive small bowel 
infarction while recovering from reconstructive vascular surgery for 
aortoiliac disease. She required resection of the whole of the small 
bowel distal to the fourth part of the duodenum plus a right 
hemicolectomy, with anastomosis of duodenum to the distal transverse 
colon. To perform this anastomosis the duodenum had to be mobilized 
off the ligament of Treitz to reach the transverse colon. It was not 
possible to fashion a cutaneous fistula because the remaining small 
bowel would not reach the skin. While recovering from this procedure 
the women received total parenteral nutrition. She was discharged 4 
weeks after the second operation and, to our surprise, 1 year on, without 
any nutritional support, has remained remarkably well with 
preservation of body-weight and normal nutritional markers, except a 
lowered total iron-binding capacity. We would conclude that a nihilistic 
approach towards massive small bowel infarction is no longer 
appropriate and that it appears that, with only the duodenum 
remaining, normal lifestyle is possible in some patients. 


T. O. Oshodi 
N. A. Burgess 
M. W. Scriven 

M. H. Lewis 


East Glamorgan General Hospital 
Mid Glamorgan CF38 14B 
UK 
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Surgical Management of Vascular Disease 


P. R. F. Bell, C. W. Jamieson and C. V. Ruckley (eds). 280 x 220 mm. 
Pp. 1416. Illustrated. 1992. London: W. B. Saunders. £150. 


This massive text of some 1400 pages represents the latest 
comprehensive tome on vascular disease. It is edited by three well 
known British vascular surgeons but contains contributions from 
several continents. 

The first section of the book contains aspects of vascular disease 
in general and starts off with a history of arterial and venous surgery. 
Further chapters cover predisposing factors, diabetes and the natural 
history of atherosclerosis. There are further sections on investigation 
of atherosclerosis, arteritis and the autonomic nervous system, in 
addition to brief chapters on anaesthesia for vascular surgery and blood 
replacement therapy. Many of these chapters reflect personal views of 
the subject and are sometimes a little too brief to be definitive. 

The difficulties of editing such a large book are manifest when there 
is inevitable overlap between different sections, but the scope and 
breadth of this text are very impressive. Some of the personal views 
expressed would not be universally accepted and might, in some cases, 
have little evidence to support them. I was also disappointed that there 
is little reference to the use of colour duplex scanning, which is now 
the most useful non-invasive tool in vascular diagnosis. Similarly, the 
use of transcranial Doppler ultrasonography during carotid endarter- 
ectomy is not included. 

Chapters on such diverse subjects as vasculogenic impotence and 
congenital vascular anomalies are included, and there is a truly excellent 
section on venous disease. I was pleased to see a section on vascular 
surgical audit with guidelines for those who have little experience in 
this area. At the end of the book there is a brief section on experimental 
techniques in vascular surgery. 

All in all, this is an excellent attempt at a comprehensive textbook 
of vascular disease that, for the most part, succeeds. Most of the authors 
are national or international authorities on their subject. The majority 
of the chapters are extremely well referenced and it is only a reflection 
on the speed of progress in the management of vascular disease that 
some of them already seem somewhat out of date. It is a great pleasure 
to see a British text of such high quality; it should become the standard 
reference book for vascular surgery. 


M. Horrocks 


Royal United Hospital 
Bath BAI 3NG 
UK 


Atlas of Surgery of the Stomach, Duodenum, and Small Bowel 


J. C. Thompson. 286 x 222 mm. Pp. 338. Illustrated. 1992. St Louis, 
Missouri: Mosby— Year Book. US $64-50. 


This atlas of operative surgery reflects one surgeon’s lifetime in upper 
gastrointestinal surgery and so represents a very personal approach. 
Throughout, it is beautifully illustrated with a great degree of clarity. 
However, in many cases the illustrations lack an appropriate degree 
of detail. For example, in the section on anatomy of the stomach, there 
is no description at all of the’ various tiers of lymph nodes used to 
describe resections for gastric cancer. 

Iam not at all sure whether the section on endoscopy adds anything: 
there is insufficient detail to be of use to anyone with but the very 
basics. Indeed, this is one of my major criticisms of the book as a 
whole: I am not at all sure at whom it is aimed. There is insufficient 
detail for any surgeon with a serious interest in upper gastrointestinal 
surgery, but a basic student is unlikely to read a book dedicated to 
just one area of surgery. 

The balance of the text is also a little skewed for the 1990s. There 
are 20 pages describing resective procedures for benign gastroduodenal 
ulcer disease but just five on surgery for gastric cancer. The Japanese 
contribution to the latter is given just one line and there is no description 
or discussion of radical resection. In the section on duodenal trauma, 
there is no mention of iatrogenic endoscopic trauma, which (at least 
in this country) is as common as the non-iatrogenic variety. In the 
section on small bowel tumours there is no mention of carcinoids. 
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Again, in the section on small bowel Crohn’s disease there is nothing 
on stricturoplasty. 

In summary, this is a well illustrated atlas of one surgeon’s approach, 
but it is very personal. There is no time or space given to techniques 
other than those used by the author. For the higher surgical trainee 
with a special interest in gastroenterological surgery, there is insufficient 
detail to allow this to be used as a long-term reference work. 


M. L Aldoori 


Pontefract General Infirmary 
Pontefract WF8 IPL 
UK 


` Rob and Smith’s Operative Surgery. Head and Neck. Parts 1 


and 2. 4th ed. 


I. A. McGregor and D. J. Howard (eds). 281 x 222mm. Pp. 700. 
Illustrated. 1992. Oxford: Butterworth- Heinemann. £250. 


The authors are to be congratulated on this new edition of Operative 
Surgery, which has long been overdue. The fourth edition is not so 
much a ‘do it yourself’ picture book, but is a well set out and reasoned 
approach to this demanding area of surgery. The emphasis on 
uniformity of presentation, using good-quality lined drawings and 
instructive text, adds to the authoritative feel of the two volumes. Ian 
McGregor and David Howard have brought together authors from 
the UK and North America with recognized expertise in the field of 
head and neck oncology. This is not solely a surgical text. Great 
emphasis has been placed on a team approach to the treatment of head 
and neck malignancy with close cooperation between radiotherapist, 
pathologist and reconstructive surgeon. The early chapters dealing with 
patient preparation and avoidance of complications serve to remind 
one of the potential morbidity of this type of surgery when practised 
by the inexperienced or occasional surgeon. 

Volume 1 extensively covers aspects of facial reconstructive 
techniques, leading the reader through local skin flaps for facial lesions, 
regional myocutaneous flaps and finally free tissue transfer. The text 
and line drawings are clear to enable the surgeon to approach the 
problem of skin reconstruction in the head and neck in a rational way. 
Tumours involving the eyelids, nose, ear and lip are dealt with in 
specific chapters by the senior editor and inevitably reflect his personal 
experience. The treatment of oral cavity neoplasia receives a 
philosophical and practical approach in seven chapters and is 
commendable for its clarity. Volume 1 ends with short chapters on 
surgery for salivary gland tumours and neoplasia of the thyroid and 
parathyroid glands, as well as surgical access to the parapharyngeal 
space. 

Volume 2 is devoted largely to the management of carcinoma of 
the laryngopharynx and covers pharyngolaryngectomy and reconstruc- 
tion using a variety of techniques including myocutaneous flaps and 
free jejunal transfer, as well as colonic and gastric transposition. 
Laryngeal carcinoma is presented from a North American viewpoint 
with particular emphasis on near total and partial laryngectomy 
techniques, although total laryngectomy for endolaryngeal and 
pyriform sinus tumours is eloquently described. It is pleasing to see 
that functional reconstruction has not been forgotten, with chapters 
describing the current state of tracheo-oesophageal voice rehabilitation 
as well as thyroplasty techniques for laryngeal paralysis. Volume 2 
concludes with the surgical treatment of tumours of the facial skeleton, 
including access techniques to the mid-face, as well as craniofacial 
techniques for tackling tumours of the middle and anterior cranial 
fossa. After reading these later chapters, it is clear that little is beyond 
the reach of the inventive head and neck surgeon. 

This book is a must for any department with a serious interest in 
head and neck surgery. The authors have brought this subject into the 
1990s with a textbook that embodies the principles of operative surgery. 


D. L. Baldwin 
Southmead Hospital 
Bristol BS10 5NB 
UK 
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Modern Treatment of Severe Burns 


Z.-Y. Fang, Z.-Y. Sheng, N. Li and S.-D. Ge (eds). 240 x 160 mm. 
Pp. 334. Illustrated. 1992. Heidelberg: Springer-Verlag. DM 298. 


There can be little doubt that the greatest experience of severely burned 
patients is to be found in China. Thus this book should be welcomed 
by all; it is an excellent source of references (topographical errors aside) 
and reports of experimental work in model systems. The chapter on 
inhalation injury is interesting and thorough, as is that on ‘Burns of 
special causes’ (electrical, chemical etc. ), There is a good review chapter 
on the methodology of culturing keratinocytes and their use, although 
the authors quote Western work rather than Chinese. There is extensive 
coverage of the problems associated with sepsis and shock. The chapter 
on the repair of wounds by grafting, especially the use of the ‘Chinese’ 
method of mixed autografting and allografting is interesting and 
informative. The thrust of the book is towards acute care, though in 
this regard the attention to pain control is poor, as are the discussions 
on reconstructive surgery, tissue expansion in particular. There is a 
disappointingly large number of typographical errors, especially 
mis-spellings in the references. Some of the formulae (for example on 
page 56) are also difficult to interpret. 

This book represents a considerable achievement on the part of the 
authors in presenting, primarily for Western readers it is supposed, the 


body of Chinese experience in burn treatment. The main question is: > 


How well does this translate and how relevant will Western clinicians 
find it to their own clinical practice? We suspect that most clinicians 
and other workers in the West will find this book an interesting 
. curiosity, a particularly valuable source of information on the extensive 
Chinese research literature, but would not turn to it as an educational 
aid for the treatment of patients. 


T. Ressi 
P. G. Shakespeare 


Odstock Hospital 
Salisbury SP2 8BJ 
UK 


Plastic and Reconstructive Surgery of the Breast 


R. B. Noone (ed.). 284 x 220 mm. Pp. 533. Illustrated. 1991. USA: 
B. C. Decker. 


This is a comprehensive description of breast conditions treated by 
plastic surgery. There are 41 chapters by 53 authors. In an introductory 
basic science section, anatomy is covered in a basic anatomical rather 
than a surgical anatomical way and, as such, is not particularly helpful. 
An exciting description of the embryology of the breast is followed by 
a disappointingly superficial chapter on physiology, but there is a useful 
chapter on silicones and breast surgery. Radiology gets excellent 
practical coverage but ultrasonography is not given the emphasis its 
increasing role demands. 

The middle three sections cover developmental deformities, and 
augmentation and reduction mammoplasty. In the first, a chapter on 
gynaecomastia will be of interest to general surgeons and stresses that 
meticulous technique, preferably combining liposuction with excision, 
is necessary for a satisfactory cosmetic result. Augmentation and 
reduction mammoplasty, and correction of ptosis, are described in 
much detail with alternative techniques and complications well covered. 
Together with good coverage of psychosocial factors, the section on 
cosmetic procedures is perhaps the greatest strength of the book and 
will appeal particularly to plastic surgeons. 

The last and largest section of 16 chapters deals with breast 
reconstruction. Every aspect is covered: reconstruction, implants and 
tissue expansion. With authors like John Bostwick and Car] Hartrampf, 
it is not surprising that this section is authoritative. However, the 
coverage is very much geared to the written word, with most of the 
illustrations being postoperative photographs rather than illustrations 
of details of technique. Perhaps this is appropriate to ensure that the 
techniques are learnt by apprenticeship, though experienced surgeons 
often pick up useful points from a textbook description of an individual 
technique. There are some disappointing sections — ‘Nipple and areolar 
reconstruction’ provides only one idiosyncratic technique and the 
results illustrated are far from ideal. The chapter on reconstruction 
after irradiation is also weak, with little consideration of the more 
difficult cases requiring chest-wall reconstruction that form a 
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considerable part of the breast surgeon’s workload. But these are small 
portions of a book in which the amount of background data and detail 
presented are generally very good. 

Choice is difficult because of the explosion of books in this field. 
This book is a useful comprehensive account of techniques available, 
but it will not replace some of the more richly illustrated and visually 
explicit accounts of technical details, and it needs to be used in 
conjunction with these. If one looks at Hartrampfs own superb Breast 
Reconstruction with Living Tissue, one immediately sees the differing 
benefits of a text written by a technical master who can present his 
mastery with clarity and the present work, which gives a broader 
overview of the whole subject. The two types of book have 
complementary roles: perhaps Noone’s book should be in every major 
library, but one such as Hartrampf's would be more necessary for 
personal everyday consultation (provided you agree with his approach 
and techniques). 


L. E. Hughes 


University of Wales College of Medicine 
Cardiff CF4 4XN 
UK 


Atlas of Surgical Endoscopy 


J. L. Parsky. 286 x 222mm. Pp. 240. Illustrated. 1992. St Louis, 
Missouri: Mosby- Year Book. 


Endoscopy is very much a skill required of gastroenterological surgeons, 
not only luminal endoscopy but also diagnostic and operative 
peritoneoscopy. This atlas is very much a manual of basic endoscopic 
techniques such as gastroscopy, oesophageal dilatation, laser therapy. 
and injection of varices. Similarly, colonoscopic and biliary procedures 
are discussed, as are simple laparoscopic procedures such as 
cholecystectomy and appendicectomy. The format is a brief description 
on one page, with a line diagram or artist’s monochrome drawing on 
the opposite page. The text is pithy and didactic while the drawings 
are straightforward. This is quite a large book for such a small public 
and I had an uncomfortable feeling about the number of trees used to 
produce this modest tome. I felt that the text and diagrams were too 
simplistic to help a beginner in this essentially manual skill, and yet 
they were insufficient to be useful in making a diagnosis and treating 
the more unusual. As for laparoscopic techniques, the scope is widening 
so rapidly and the field changing so much that the section is already 
obsolete. The book was quite fun to browse through but not, I fear, 
one to buy. 


M. G. W. Kettlewell 


The John Radcliffe Hospital 
Oxford OX3 9DU 
UK 


MCQs in Applied Basic Sciences 


K. M. Mokbel. 213 x 137 mm. Pp. 121. Illustrated. 1992. Dordrecht: 
Kluwer Academic. £7:50. 


This small paperback should fit neatly into the pocket of the surgical 
trainee preparing for his or her revised Fellowship examination. It 
purports to be a whetstone on which the Fellowship candidate can 
sharpen surgical knowledge. I am sure that the surgeon in training so 
using this book will find it a worthwhile addition to an already extensive 
reading list. In just over 100 pages this well laid out text contains a 
total of 299 five-part multiple choice questions on eight different 
subjects, ranging from 100 questions on anatomy to nine on clinical 
immunology. However, if the candidate expects a list of actual 
Fellowship questions (with answers) that have previously come up and 
may come up again he or she will be disappointed. Nevertheless, used 
in the way the author intended, this book seems well worth its modest 
price. 


P. M. King 


Aberdeen Royal Infirmary 
Aberdeen AB9 2ZB 
UK 
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Jones’ Clinical Paediatric Surgery — Diagnosis and 
Management. 4th ed. ; i 


J. M. Hutson, S. W. Beasley and A. A. Woodward (eds). 232 x 208 mm. 
Pp. 302. Illustrated. 1992. Carlton, Victoria: Blackwell Scientific. £29-50. 


This is the fourth edition of this papular textbook on paediatric surgery 
formerly edited by Peter Jones but now with three new editors. All the 
chapters are by the staff of the Royal Children’s Hospital, Melbourne, 
Australia. There are chapters on neonatal emergencies, head and neck, 
the abdomen, urinary tract, trauma, orthopaedics, chest, and skin and 
soft tissues. The purpose of the book is to provide a comprehensive 
guide on paediatrics and paediatric surgery for senior medical students, 
resident staff and general practitioners. It succeeds in this aim. 

There are important and excellent chapters on antenatal diagnosis 
and genetic counselling and -the care and transport of the newborn. 
There is comprehensive coverage of subjects including orthopaedics, 
ear, nose and throat and eyes, but cardiac surgery is omitted. I have 
very few criticisms; in the chapter on spina bifida the highest incidence 
of defects was stated to be lumbosacral, which contrasts with experience 
in this country ‘where thoracolumbar defects are seen more frequently. 
Similarly, in the first-aid treatment of gastroschisis more emphasis 
should have been placed on the position of the child and eviscerated 
abdominal contents to prevent strangulation. The illustrations and line 
diagrams are clear and relevant. Details of surgical treatment are kept 
to a minimum with very little discussion on the various options. This 
is probably correct in a textbook aimed at medical students. 

I personally preferred the format of the previous editions, which 
measured 9 x 6” rather than the new size of 9 x 8”. The price of the 
volume is right and it should be available in every paediatric and 
paediatric surgical unit as recommended reading for medical students 
and house officers. Higher surgical trainees should purchase the book 
as an example of an excellent framework for developing skills in their 
chosen specialty. 


J. D. Atwell 


Wessex Regional Centre for Paediatric Surgery 
Southampton SO9 4XY 
UK 


Textbook of Surgery — Pocket Companion 


D. C. Sabiston and H. Kim Lyerly. 210 x 102mm. Pp. 1044. 
Not illustrated. 1992. Philadelphia, Pennsylvania: W. B. Saunders. 
US $18-95. 


This compact text is intended to serve as a portable introduction to 
the 14th edition of David Sabiston’s Textbook of Surgery: The 
Biological Basis of Modern Surgical Practice, each chapter of the 
Companion being a concise version of its counterpart in the larger tome. 
The book is certainly shaped to fit a white coat pocket, but has almost 
1000 pages of closely packed small print. Its contents are wide ranging 
and up to date with sections on laparoscopic surgery and surgical 
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aspects of acquired immune deficiency syndrome, but I found it 
curiously erratic in the emphasis given to different surgical specialties. 
Paediatric surgery is given only 12 pages, confined to a discussion of 
the more common neonatal problems. The 16 pages on urology do not 
contain a classification of testicular tumours or guidance on the 
management of acute urinary retention. Vascular and cardiothoracic 
surgery, on the other hand, fill over one-quarter of the book. Their 
260 pages contain detailed formulae for the calculation of left 
ventricular volume and a table of data on ‘oxygen consumption during 
profoundly hypothermic, non-pulsatile, hemodiluted cardio-pulmonary 
bypass in monkeys’. 

This is a well indexed book and I particularly enjoyed the short 
introductory chapter on the development of surgery. However, it weighs 
0-5 kg and, rather than lug it around in my white coat pocket, I think 
I would pop back to my office or the hospital library and consult the 
complete work. My registrar agrees. 


A. Mitchell 


Milton Keynes General Hospital 
Milton Keynes MK6 SLD 
UK 


ABC of Vascular Diseases 


J. H. N. Wolfe (ed.). 295 x 210 mm. Pp. 79. Illustrated, 1992. London: 
British Medical Journal. £12-95. 


This book is a compilation of articles edited by John Wolfe and 
published in the British Medical Journal. The key features of the series 
lie in the clarity and simplicity of presentation and, particularly, in the 
illustrations. The book is a very easy and interesting read. It covers 
the medical aspects of vascular surgery, together with some of its 
associated surgical techniques such as angioplasty, but is not a textbook 
of operative vascular surgery. Though not fully comprehensive 
(upper-limb reconstructive surgery and treatment of renal and 
mesenteric ischaemia are not covered), it does have sections on 
convalescent problems, rehabilitation of the amputee and arteriovenous 
malformations. The content, which is fully up to date with sections on 
thrombolysis in the acutely ischaemic limb and use of vein collars in 
femorodistal bypass, sticks to accepted and non-controversial views; 
while plenty of statistics are included there are no references. This book 
will be of interest to surgeons in training and to those not in the field 
who need an update on what vascular surgery has to offer. Its greatest 
appeal, however, will be to the undergraduate, for whom it will provide 
a fairly comprehensive text rather along the lines of a much expanded 
set of lecture notes. I thoroughly recommend it. 


S. Parvin 
Poole General Hospital 
Dorset BHI5 2JB 
UK 
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Notices and announcements 








19-20 March 1993 

2nd European Congress on Ambulatory 
Surgery 

Brussels, Belgium 

Information: Dr Cl. De Lathouwer, Brussels 
One Day Clinic, Nouvelle Clinique de la 
Basilique, 37-47 Rue Pangaert, B-1080 
Brussels, Belgium 


29-30 March 1993 ; 
General Thoracic Surgery: Surgery of 


the Esophagus 
Boston, Massachusetts, USA 
Information: Department of Continuing 


Education, Harvard Medical School, PO Box 
825, Boston, Massachusetts 02 117, USA 


31 March~2 April 1993 

UICC Kyoto International Symposium 
on Recent Advances in Management of 
Digestive Cancers ` 
Kyoto, Japan 

Information: Professor T. Takahashi, Depart- 
ment of Surgery, Kyoto Prefectural University 
of Medicine, Kamigyo-ku, Kyoto 602, Japan 


5 April 1993 

Injury Research Group 1993 Meeting 
Milton Keynes, UK 

Information: Dr R. N. Barton, North-western 
Injury Research Centre, Stopford Building, 
University of Manchester, Oxford Road, 
Manchester M13 9PT, UK 


14-16 April 1993 2 

Association of Surgeons of Great Britain 
and Ireland Annual Meeting 
Birmingham, UK 

Information: Caroline Ross, Association of 
Surgeons of Great Britain and Ireland, at The 
Royal College of Surgeons of England, 35—43 
Lincoln’s Inn Fields, London WC2A 3PN, 
UK 


18-22 April 1993 

International Congress on Advances in 
Brain Revascularization 

Eilat, Israel 

Information: Orta Ltd, 2 Kaufman Street, PO 
Box 50 432, Tel-Aviv, Israel 61 500 


19-22 May 1993 

Eighty-fourth Annual Meeting of the 
American Association for Cancer Research 
Orlando, Florida, USA 

Information: AACR Office, Public Ledger 
Building, 620 Chestnut Street, Suite 816, 
Philadelphia, Pennsylvania, USA 


3-5 June 1993 

First European Congress of the 
European Association for Endoscopic 
Surgery : 
Cologne, Germany 

Information: Medikon-Heide Harzheim, Irm- 
traud Surmann, PO Box 501470, D-5000 
Köln, Germany 
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7-8 June 1993 

8th International Symposium — Applied 
Physiology in Clinical Respiratory Care 
Rotterdam, The Netherlands 

Information: Dr O. Prakash, Thorax Centre 
BD 164, Dijkzigt Hospital, Dr. Molewaterplein 
40, 3015 Rotterdam, The Netherlands 


8-11 June 1993 

World Association of HPB Surgery Ist 
European Congress of Surgery 

Paris, France 

Information: EHPBS Congress Secretariat, 
Congress House, 65 West Drive, Cheam, 
Surrey SM2 7NB, UK 


9-12 June 1993 

The Endocrine Society 75th Annual 
Meeting 

Las Vegas, Nevada, USA 
Information: Ann Singer, The Endocrine 
Society, 9650 Rockville Pike, Bethesda, 
Maryland 20814, USA 


4-9 July 1993 

Endosurgery — the State of the Art 
Hamilton Island, North Queensland, 
Australia 

Information: Kathy Noble, Centre for the 
Study of Endosurgery, Department of Surgery, 
Alfred Hospital, Commercial Road, Prahran, 
Victoria 3181, Australia 


5-8 July 1993 

First International and Eighth European 
Conference on Clinical Hemorheology 
Vienna, Austria 

Information: Professor E. Ernst, Department 
of Physical and Medical Rehabilitation, 
University of Vienna, AKH Wahringer Gürtel 
18-20, 1097 Vienna, Austria 


6 July 1993 

Current Issues in Epidemiology: the 
Prevention and Control of Chronic 
Disease 

Cambridge, UK 

Information: Courses Department, The British 
Council, 10 Spring Gardens, London 
SW1A 2BN, UK 


6-17 July 1993 

Current Practice in Neonatal and 
Paediatric Surgery 3 
Manchester, UK 

Information: Courses Department, The 
British Council, 10 Spring Gardens, London 
SW1A 2BN, UK 


8-9 July 1993 

Surgical Research Society Meeting 
Dundee, UK 

Information: Professor J. R. Farndon, Depart- 
ment of Surgery, Bristol Royal Infirmary, 
Bristol BS2 SHW, UK 


8-10 July 1993 

XVIIth International Update on Liver 
Disease - 

London, UK 

Information: Professor N. McIntyre, Univer- 
sity Department of Medicine, Royal Free 
Hospital, Pond Street, London NW3 2QG, 
UK 


8-10 July 1993 

Sth South-east European Symposium of 
Paediatric Surgery 

Graz, Austria 

Information: Professor M. E. Höllwarth, 
Department of Paediatric Surgery, University 
of Graz, Heinrichstraße 31, A-8010 Graz, 
Austria 


6-8 August 1993 

First Asian Pacific Congress of 
Endoscopic Surgery 

Singapore ` 

Information: Maggie Phang, Congress Secre- 
tariat, Conference and Exhibition Management 
Services, 09-43 World Trade Centre, Singapore 
0409 


22-27 August 1993 

International Surgical Week — 35th 
World Congress of the International 
Society of Surgery 

Hong Kong 


- Information: Congress Secretariat, ISW Hong 


Kong, Department of Surgery, University of 
Hong Kong, Queen Mary Hospital, Hong 
Kong 


27-29 August and 

30 August-2 September 1993 

Second Internationa] Conference of 
Gastroenterology 

Hong Kong and Chengdu, China 
Information: Conference Secretariat, Room 
1611-13, World Finance Centre, North Tower, 
Harbour City, Kowloon, Hong Kong 


1-3 September 1993 

4th International Congress — 
International Organization for 
Statistical Studies on Diseases of the 
Oesophagus 

Paris, France 

Information: Michele Liegeon, 2 Boulevard de 
Montparnasse, 75 015 Paris, France 


7-10 September 1993 

6th International Congress on 
Interventional Ultrasound 

Copenhagen, Denmark 

Information: Dr C. Nolsøe, Department of 
Ultrasound, Herlev Hospital, University of 
Copenhagen, DK-2730 Herlev, Denmark 


15-18 September 1993 

Eurosurgery °93 

London, UK ae 

Information: Professor J. P. S. Lumley, 
Secretariat, Eurosurgery ‘93, The Royal 
College of Surgeons of England, Lincoin’s Inn 


Fields, London WC2A 3PN, UK 
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Summaries from the January issue of the American journal. 





Isolation and long-term culture of 
human hepatocytes 


Colleen M. Ryan, MD, Edward A. Carter, PhD, Roger L. 
Jenkins, MD, Laura M. Sterling, BS, Martin L. Yarmush, 
MD, PhD, Ronald A. Malt, MD, and Ronald G. 
Tompkins, MD, ScD, Boston, Mass. ` 


Pressure-controlled perfusion of specimens of surgical hepatic 
resection produced improved yields of human hepatocytes for 
studies of long-term cultures. The effect of an extracellular 
matrix configuration on albumin secretion was evaluated by 
culture on a single layer of collagen or between double layers of 
collagen gel with Dulbecco’s modified Eagle and Williams E 
media. Hepatocytes from 12 patients were maintained for more 
than 30 days, and in five of 12 experiments cells were cultured 
beyond 2 months. In the double gels the cells demonstrated 
typical polygonal liver cell morphology and higher albumin 
secretion (p<0.01) up to 65 days; in contrast, in the single 
gels cells spread horizontally, and albumin secretion declined 
rapidly within 3 weeks. A comparison of media formulations 
Showed that maximum albumin secretion occurred 5 days later 
but was maintained significantly longer with Dulbecco’s 
medium (p< 0.01). The simple addition of a second layer of 
gelled collagen forming a collagen sandwich significantly 
-stabilizes and supports the long-term culture of human 
hepatocytes. (SURGERY 1993;113:48-54.) 


Four-compartment fasciotomy and 
venous calf-pump function: 
Long-term results 


Hans-Beat Ris, MD, Markus Furrer, MD, Stefan 
Stronsky, MD, Beat Walpoth, MD, and Bernhard 
Nachbur, MD, Berne, Switzerland 


Twenty-one patients who underwent a four-compartment 
fasciotomy between January 1, 1986, and December 31, 1987, 
were revisited with respect to venous calf-pump function 32 to 
56 months (mean, 46.2 months) after fasciotomy. Enrollment 
criteria consisted of an intact motor innervation, palpable 
pedal pulses, the absence of venous hypertension, and deep 
venous thrombosis before and during the treatment requiring 
fasciotomy and unimpaired ankle and knee joint function. 
None of the patients showed. signs of chronic venous hyper- 
tension at assessment. Ambulatory strain-gauge plethysmo- 
graphy revealed no significant difference in recovery time and 
refilling volume values between the two limbs of each patient 
(p>0.1) and between limbs in which fasctotomy was per- 
formed and those of normal subjects (p>0.1). Color flow 
duplex scanning revealed patent popliteal veins with normal 
respiration-nduced phasic flow pattern and absent reflux in 
all patients. AU visible calf veins were patent, compressible, 
and without morphologic alterations. The fasciotomy wound 
was closed by delayed skin suture (the fascia remaining 
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divided) in 48% and by skin grafts of the lateral incision in 
52% of the patients, without significant difference in recovery 
time and refilling volume values (p>0.1) at assessment. 
Fasciotomy does not lead to venous calf pump dysfunction, 
irrespective of whether the wound is closed by delayed suture or 
skin grafts. (Surcery 1993;113:55-8.) 


The effect of prednisone on 
pancreatic islet autografts in dogs 


Yijun Zeng, MD, Camillo Ricordi, MD, Javier Lendoire, 
MD, Patricia B. Carroll, MD, Rodolfo Alejandro, MD, 
Debora R. Bereiter, BS, Andreas Tzakis, MD, and 
Thomas E. Starzl, MD, PhD, Pittsburgh, Pa., and Miami, 
Fla. 


Prednisone was shown to induce hyperglycemia in dogs 
submitted to total pancreatectomy and pancreatic islet auto- 
transplantation. The hyperglycemia caused by a 10-day course 
of prednisone, 1 mg/kg/day, starting on the day of operation 
was reversible urthin I week after steroid discontinuance. 
Three weeks after prednisone was stopped, there was no 


. detectable adverse effect on glucose homeostasis as judged by 


fasting blood sugar levels and intravenous glucose tolerance 
test results. Four months after transplantation, glucose 
disappearance was delayed in animals previously treated with 
the prednisone compared with those previously treated with 
prednisone plus insulin or control animals. This was 
accompanied by lower insulin values on intravenous glucose 
tolerance testing and suggests a long-term subtle effect on islet . 
function. The mechanism of the steroid effect is not known. 
However, this model could be used to test the diabetogenicity of 
other immunosuppressive agents including cyclosporine, 
FK 506, and azathioprine. (SurceRY 1993;113:98-102.) 


The effect of octreotide on hepatic 
regeneration in rats 


Raj S. Pruthi, BA, BS, Marwan Farouk, FRCS, Wen-Hsin 
Tsai, MD, PhD, George Michalopoulos, MD, PhD, and 
William C. Meyers, MD, Durham, N.C. 


The effect of the long-acting somatostatin analog octreotide on 
liver regeneration was studied tn rats in vitro and in vivo. The 
effect of continuous subcutaneous octreotide infusion on 
regenerative liver weight and relative DNA synthesis was 
examined in rats that had undergone 70% hepatectomy. 
Administration of octreotide resulted in a 33% reduction of 
regenerating liver weight at 72 hours and a 67% reduction of 
regenerative hepatocellular hyperplasia at 24 hours. This effect 
was reversed within 12 hours after withdrawal of the drug. 
The mechanism for the inhibitory effect of octreotide appears to 
be indirect, because experiments in hepatocyte cultures did not 
demonstrate a direct inhibitory effect on serum-free or epi- 
dermal growth factor-induced regenerative hepatocyte prolifera- 
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tion. Because insulin levels were suppressed by octreotide in the 
in vivo experiments, suppression of hepatotrophs may be the 
mechanism by which octreotide inhibits liver regeneration. 
(Surcery 1993;113:84-9.) 


Long-term results of entry closure and 
aneurysmal wall plication with 
axillofemoral bypass: A new procedure 
for repair of DeBakey type 3 
dissecting aneurysm 


Yasunaru Kawashima, MD, Ryota Shirakura, MD, 
Susumu Nakano, MD, Hikaru Matsuda, MD, Kazuhiro 
Taniguchi, MD, Mitsunori Kaneko, MD, Akira T. 
Kawaguchi, MD, Keiji Kadoba, MD, and Ryosuke 
Matsuwaka, MD, Osaka, Japan 


To prevent aneurysm rupture, avoid pseudoaneurysm forma- 
tion, and preserve intercostal arteries, a new procedure for 
repair of DeBakey type 3 dissecting aneurysm was developed. 
Since January 1977, 28 patients have undergone repair of 
type 3 dissecting aneurysm. Fifteen patients with type 3b 
underwent this new procedure (group 1) and 13 patients with 
type 3a dissecting aneurysm underwent segmental graft 
replacement (group 2). In group 1 a permanent axillofemoral 
bypass was placed on the right side. Next the intrathoracic 
false lumen was opened longitudinally, the entry was closed, 
and the aneurysmal wall was sutured around the true lumen 
as tightly as possible. The operative mortality rate was 20% in 
group 1 and 31% in group 2. One of 15 patients in group 1 
died of operation-related causes, whereas three patients in 
group 2 died. There were six late deaths: three in group 1 and 
three in group 2. Paraplegia occurred in neither group I nor 
group 2. The mean diameter of the plicated descending aorta 
was 24.0 + 2.7 mm 3 months after surgery. No recurrence was 
detected in group 1. These results suggested that this new 
surgical technique for repair of type 3 dissection reduces the 
incidence of paraplegia and pseudoaneurysm formation. 
(Surcery 1993;113:59-64.) 


The mechanism of conversion of 
xanthine dehydrogenase to xanthine 
oxidase in acute pancreatitis in the 
canine isolated pancreas preparation 


Isto H. Nordback, MD, and John L. Cameron, MD, 
FACS, Baltimore, Md. 


Four models of acute pancreatitis have been previously 
developed that use the ex vivo perfused isolated canine 
pancreas preparation. The four models include the intra- 
arterial infusion of oleic acid (FFA) that mimics hyperlipemic 
pancreatitis, partial obstruction of the pancreatic duct with 
secretin stimulation (POSS) that mimics gallstone 
pancreatitis, a 2hour period of ischemia before perfusion 
(ISCH 2) that mimics shock pancreatitis, and the infusion of 
cerulein at supramaximal stimulatory doses (CER), which 
lacks an obvious clinical counterpart. In the FFA, POSS, and 
ISCH 2 pancreatitis, but not in the CER pancreatitis, toxic 
oxygen metabolites, generated by the enzyme xanthine oxidase 
(XO), have been shown to be important mediators in the early 
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pathogenesis. Ordinarily XO primarily occurs as xanthine 
dehydrogenase (XD) but can be converted to XO, which is the 
form that generates toxic oxygen metabolites. This conversion 
of XD to XO may take place either reversibly by way of 
sulfhydryl group oxidation or irreversibly by means of 
proteolytic cleavage of XD. This study was undertaken to 
investigate the mechanism of conversion of XD to XO in the 
FAA-, POSS- and ISCH 24nduced pancreatitis models. CER 
pancreatitis was studied for comparison. After 4 hours of 
perfusion, pancreatitis was manifest by edema, weight gain, 
and hyperamylasemia in all four models. Dithiothreitol, a 
sulfhydryl group protector, ameliorated the weight gain in the 
FFA (40+ 14 gm to 18 + 13 gm; p< 0.05), POSS (28+ 10 gm 
to 9+3 gm; p< 0.05), and ISCH 2 pancreatitis (30+ 13 gm 
to 153 gm; p< 0.05), and ameliorated the hyperamylasemia 
in the POSS pancreatitis (12,062+4304 units/dl to 
5877 + 2659 units/dl; p< 0.05). The CER pancreatitis was 
not ameliorated with dithiothreitol. A serine protease inhibitor 
of low molecular weight, phenylmethylsulfonyl fluoride, ameli- 
orated only the CER pancreatitis (weight gain from 28 + 10 gm 
to 17+10 gm, p< 0.05; amylase activity from 38,116 + 6491 
units/dl to 23,372 + 11,654 units/dl, p< 0.05), and not the 
FFA, POSS, or ISCH 2 pancreatitis. We conclude that in the 
three models of pancreatitis (FFA, POSS, and ISCH 2) that are 
mediated by toxic oxygen metabolites, XD is converted to XO 
reversibly by way of sulfhydryl group oxidation rather than 
irreversibly by way of proteolysis. In the CER pancreatitis, 
where XO does not play a role in the pathogenesis, proteolytic 
enzymes may be important mediators in the injury. (SURGERY 
1993;113:90-7.) 


Lovastatin and gallstone dissolution: A 
preliminary study 


Kimberly D. Saunders, MD, Joe A. Cates, MD, 
Mohammad Z. Abedin, PhD, and Joel J. Roslyn, MD, 
Sepulveda and Los Angeles, Calif. 


Background. Lovastatin, an agent that reduces both serum 
and biliary cholesterol in humans, also inhibits cholesterol 
gallstone formation in an animal model. The present study 
was designed to assess the efficacy of lovastatin in gallstone 
dissolution. 3 

Methods. All prairie dogs were fed a 1.2% cholesterol- 
enriched diet during the entire study. Gallbladders from five 
animals were examined at 3 weeks, and four of five 
gallbladders contained gallstones. Remaining animals were 
maintained on the 1.2% cholesterol-enriched diet and random- 
ized to receive either water (n = 7); lovastatin, 8 mg (n= 7); 
ursodeoxycholic acid, 50 mg (UR, n=7); or both drugs 
(lovastatin and UR, n= 7) twice daily by way of orogastric 
tube for 4 additional weeks. Response to therapy was 
determined by blinded examination of gallbladders. 

Results. All three treatment groups had significant reductions 
in serum cholesterol, hepatic bile cholesterol, and hepatic 
cholesterol saturation index as compared to controls (water). 
Lovastatin induced a 28% response rate to dissolution 
therapy, which was equal to that achieved with UR, and the 
combination of lovastatin and UR produced a 56% response 
rate. 

Conclusions. This preliminary study suggests that lova- 
statin, alone or in combination with UR, may be useful in 
dissolving gallstones in humans. (Surcery 1993;113: 
28-35.) 
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of Surgery publishes original articles, 
ding articles. Short notes, case reports and 
orkshops are also accepted. All manuscripts are 
itted to editorial review. 


An article is reviewed for publication on the understanding that 
the work it reports has not been submitted simultaneously to 
another journal, has not been accepted for publication 
elsewhere and has not already been published. Any detected 
attempt at dual publication will lead to automatic rejection and 
may prejudice acceptance of future submissions. Articles and 
their illustrations become the property of the Journal unless 
tights are reserved before publication. The title page should 
indicate if the paper is based on a previous communication 
` to a society or other meeting. Authors are requested to send 
three copies of original articles and other editorial matter 
to: The Senior Editor, The British Journal of Surgery, 
Butterworth—Heinemann Ltd, 59/60 Grosvenor Street, 
London W1X 9DA, UK. Telephone: 071-493 5841. Facsimile: 
071-499 3384. 

Books for review should be sent to the same address. 


A covering letter must accompany all submissions and must be 
signed by all authors. The covering letter should state if an 
abstract of the work has been published and whether the 
authors wish the manuscript and/or illustrations to be returned 
if the work is not accepted. The first named author is responsible 
for ensuring that all authors have seen and approved the 
manuscript and are fully conversant with its contents. 


Rejected manuscripts will not be returned to the authors, unless 
this is specifically requested. 


Ethics 

The Journal publishes all material relating to human 
investigation and animal experiments on the understanding that 
the design of the work has been approved by local ethical 
committees or that it conforms to standards currently applied in 
the country of origin. The Journal further reserves the right 
not to publish an article on the grounds that appropriate ethical 
or experimental standards have not been reached. Written 
consent must be obtained from the patient, legal guardian or 
executor for publication in The British Journal of Surgery of 
any details or photographs which might identify an individual. 
Evidence of such consent should be submitted with the 
manuscript. 


Preparation of manuscripts 


The British Journal of Surgery’ subscribes to the policy of 
uniform requirements for manuscripts which is designed to 
permit authors to resubmit papers to journals without extensive 
recasting. Authors are advised to consult the British Medical 
Journal 1988; 296: 401-5 or the Annals of Internal Medicine 
1988; 108: 258-65, or to obtain the leaflet ‘Uniform 
Requirements for Manuscripts Submitted to Biomedical 
Journals’ from The Editor, British Medical Journal, BMA 
House, Tavistock Square, London WC1H 9JR, UK (cost £1-00 


per copy). 


Authors are responsible for the accuracy of their report 
including all statistical calculations and drug doses. When 
quoting specific materials, equipment and proprietary drugs, 
authors must state in parentheses the name and address of the 
manufacturer. Failure to do so will result in delay in publication 
as the Journal considers that this information is essential for 
any reader who wishes to obtain similar material. Generic 
names should normally be used. 
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Original articles 


Original articles should normally be in the format of 
introduction, methods, results, discussion. Each manuscript 
should contain a summary on a separate page. Authors are 
reminded that there is considerable pressure on editorial space 
in the Journal. Lengthy manuscripts are likely to be returned 
to authors for shortening. The discussion in particular should 
be clear and concise, and should be limited to matters arising 
directly from the results. Authors should avoid discursive 
speculation. 


Reviews 


The Editorial Board of The British Journal of Surgery 
encourages submission of review articles on topics of interest 
to its readers. Any topic will be considered, but priority will 
be given to those addressing a major current problem. The 
author of each accepted review will receive an honorarium. 
Potential authors seeking advice on the suitability of review 
topics are advised to contact: Mr J. A. Murie, University 
Department of Surgery, The Royal Infirmary, Edinburgh 
EH3 9YW, UK. 


Leading articles 


The Editors commission signed leading articles to The British 
Journal of Surgery. These articles are 600—1000 words in length, 
address controversial topics of current interest and are 
supported by key references. Submissions may be subjected to 
external review and assessment by the Editorial Board before 
acceptance. The Editors retain the right to alter style and 
shorten material for publication. An honorarium is payable on 
publication. 


Short notes 


These are original observations presented in brief form. They 
should follow the standard format of introduction, methods, 
results and discussion, but no summary is required. Short notes 
should not exceed 500 words with a maximum of five references 
and one table or one figure. 


Case reports 


The British Journal of Surgery receives an increasing number 
of case reports each year. Space within the Journal remains at 
a premium and the rejection rate is high. Case reports should 
be no more than 500 words, with no more than five references 
and one illustration. 


Surgical workshops 


These describe technical innovations or modifications which 
may be useful in surgical practice. These articles should be less 
than 500 words long; they may be accompanied by no more 
than two figures and up to five references. 


Typescripts 

It is essential that manuscripts be clearly reproduced with 
adequate space for editorial notes. Papers must be typewritten 
or printed on A4 paper (210 x 297 mm) on one side of the paper 
only with double spacing and 4 cm margins, Manuscripts which 
do not conform to these requirements will be returned to the 
authors for recasting. Each of the following sections should 
begin on a new page: title page, summary, text, acknowledge- 
ments, references, tables, legends for illustrations. The text 
should usually follow the standard sequence of introduction, 
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methods, results and discussion. These sections should run 
sequentially through the text, avoiding blank space between 
them. 


Title page 


The title page should give: (1) the title of the article; (2) the 
name and initials of each author; (3) the department and 


. institution to which the work should be attributed; (4) the 


name and address of the author responsible for correspondence 
and to whom requests for reprints should be addressed ; 
(5) sources of financial support; and (6) the category in which 
the manuscript is being submitted (original article, case report 
etc. ). 


Summary ` 


The second page of the manuscript should carry a summary 
of not more than 150 words. It should embody the purposes 
of the study or investigation, basic procedures (study material 
and observational and analytical methods), main findings (with 
specific data and their statistical significance, if possible) and 
the principal conclusions. 


Tables and illustrations 


Three copies of all illustrations and tables should be submitted. 
Each table with an appropriate brief title should be typed on 
a separate page. At least one set of illustrations (line drawings, 
radiographs, photomicrographs etc.) should be submitted in 
the form of glossy prints, original transparencies, or negatives 
and should not be mounted. Photocopies should be of sufficient 
quality to enable the Journal’s referees to judge their content 
and value. Each illustration should have a label pasted on the 
reverse side giving its number (to correspond with its reference 
in the text) and the name(s) of the author(s); the top of the 
illustration should be indicated. Illustrations should be drawn 
and labelled appropriately for reduction to one or two column 
widths of the Journal. Explanations of symbols and shading 
used Should appear in the legend. Survival curves should be 
accompanied by a table giving the actual numbers of patients 
involved. The legends to illustrations and the footnotes to tables 


‘should contain brief but comprehensive explanations of the 


information contained therein. Prospective authors are strongly 
advised to refer to recent issues of the Journal for examples of 
accepted layout. A contribution towards the cost of colour 


_ teproduction is usually requested. If a table or an illustration 


has been reproduced from a published work the original source 
thereof must be given in full. Permission to use published work 
must be obtained from the original author and the publisher 
before submission. 


Abbreviations 


Authors should limit the use of abbreviations. Terms which are 
mentioned frequently may be abbreviated but only if this does 
not detract from reader comprehension. Abbreviations should 
be used consistently throughout the text and must be clearly 
defined on first use. 


Numbers and units 


The decimal point, not a comma, is used, e.g. 5-7. A space and 
not a comma follows thousands and multiples thereof, e.g. 
10000. SI units (International System of Units) should be used 
except for the measurement of blood pressure (mmHg). Where 
measurements were made in non-SI units, the actual values 
and units should be given, with SI equivalents inserted in 
parentheses at appropriate points. 


References 


References should be typed with double spacing and cited in 
the Vancouver style (see above: Uniform Requirements for 


272 












Manuscripts Submitted to Bio 
to abstracts from meetings is dis 
unpublished communications is not a 
communications should be cited in the text, i 
first author is responsible for confirming ‘th 
the material quoted with the originator. 


In the text, references should be numbered consecutively by 
superscript: +? or !~3. References cited only in tables or figures 
should be numbered in sequence according to the first mention 
of the table or: figure in the text. The sequence for a standard 


- journal article should be: author(s); title of paper; journal 


name abbreviated as in Index Medicus (written in full if no 
abbreviation quoted ) and year of publication; volume number; ` 
page numbers. For example: De Bolla AR, Obeid ML. 
Mortality in acute pancreatitis. Ann R Coll Surg Engl 1984; 
66: 184-6. The sequence for the chapters of a book should be: 
author(s); chapter title; editors; book title; place of . 
publication; publisher; year of publication; page numbers. 
For example: Calenoff L, Rogers L. Esophageal complications 
of surgery and lifesaving procedures. In: Meyers M, 
Ghahremani G, eds. Iatrogenic Gastrointestinal Complications. 
New York: Springer-Verlag, 1981: 123-63. 


Statistics 


For detailed guidance on the handling of statistical material, 
authors should consult The British Journal of Surgery 1991; 
78: 782-4. The Editors and statistical referees in evaluating a 
manuscript will consider the design of the study, the 
presentation of the data, the analysis of the data, and the 
interpretation of the results. 


l Design 


Authors should set out clearly the objectives of the study, should 
identify the primary and secondary hypotheses, and should 
explain the rationale for the choice of sample size. 


Presentation 


Whenever possible a graphical presentation should be used to 
illustrate the main findings of a study. The use of standard 
deviation and standard error should be cléarly distinguished. 
The use of the ‘+°’ symbol should be avoided; these statistics 
should be presented in parentheses after the mean value. 


Analysis 


There should be a clear description of which methods were 
used for which analyses, and any methods not in common usage 
should be supported by references..Results of statistical tests 
should be reported by stating the value of the test statistic, the 
number of degrees of freedom and the P value. For example, 
‘t = 1-34, 16 d.f., P = 0-20’ might be reported. Actual P values 
should be reported, to two decimal places, especially when the 
result is not significant, rather than stating ‘not significant’. 


Whenever possible, the results of the primary analyses should 
be reported using confidence intervals instead of, or in addition 
to, P values. 


Interpretation 


Statistical significance should not be confused with clinical - 
significance. In particular, ‘negative’ findings should be 
interpreted through the use of confidence intervals. 


Authors should beware of placing undue emphasis on secondary 


analyses, especially when they were suggested by an inspection 
of the data. ; 
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Coated VICRYL (Polyglactin 910) Braided Synthetic Absorbable Suture, Sterile 


PRESENTATION VICRYL (Polyglactin 910) Suture is 
prepared from a copolymer of glycolide and lactide in the 
ratio 90/10. The substances are derived respectively from 
glycolic and lactic acids. The empirical formula of the 
copolymer is (C2H202)m(C3HsQ2)n. 

Coated VICRYL (Polyglactin 910) Sutures are obtained 
by coating the braided VICRYL suture material with a 
mixture composed of a copolymer of lactide and glycolide 
in the ratio of 65/35 and an equal amount of calcium 
stearate. This coating does not affect the biological 
properties of the suture. 

VICRYL (Polyglactin 910) Sutures are coloured by 
adding D & C Violet No 2 during polymerisation of the 
lactide and glycolide. Sutures may also be manufactured in 
the undyed form. 

Coated VICRYL (Polyglactin 910) is available in 
non-needled lengths or attached to stainless steel needles 
of varying types and sizes, and is sterilised by ethylene 
oxide gas. 

These sutures are relatively inert, non-antigenic, non- 
pyrogenic and elicit only a mild tissue reaction during 
absorption. 

Action: Two important characteristics describe the 
in vivo behaviour of absorbable sutures. The first of these 
is tensile strength retention and the second absorption rate 
or loss of mass. : 

The general mechanism by which in vivo degradation 
of VICRYL (Polyglactin 910) occurs is hydrolysis. 

Subcutaneous tissue implantation studies of Coated 
VICRYL Suture in rats show at 14 days post-implantation 
approximately 65% of the original tensile strength 
remains, At 21 days approximately 40% of the original 
strength is retained for gauge sizes Metric 0.7 (6/0) and 
larger, and approximately 30% of the original strength is 
retained for gauge sizes Metric 0.5 (7/0) and smaller. 
All of the original tensile strength is lost between 28 and 
35 days post implantation. 

Intramuscular implantation studies in rats show that 
the absorption of these sutures occurs thereafter and is 

complete between the 56th and 70th day. 


USES Coated VICRYL Synthetic Absorbable Sutures are 
intended for use where an absorbable suture or ligature is 
indicated. 


* 


DOSAGE AND ADMINISTRATION By implantation. 


CONTRA-INDICATIONS, WARNINGS, ETC These sutures, 
being absorbable, should not be used where extended 
approximation of tissues under stress is required. 


Sutures placed in skin and conjunctiva may cause 
localised irritation if left in place for longer than 7 days. 

The safety and effectiveness of Coated VICRY! 
(Polyglactin 910) in neural tissue and in cardio-vascular 
tissue have not been established. 

At the discretion of the surgeon, appropriate non- 
absorbable sutures may be used to provide additional 
wound support when Coated VICRYL (Polyglactin 910) 
Sutures are used in ophthalmic procedures, 

Under certain circumstances, notably orthopaedic 
procedures, immobilisation by external support may be 
employed at the discretion of the surgeon. 

Coated VICRYL (Polyglactin 910) Surures, which are 
treated to enhance handling characteristics, require the 
standard surgical technique of flat and square ties with 
additional throws if indicated by surgical circurnstances 
and the experience of the operator. 

Acceptable surgical practice must be followed with 
respect to drainage and closure of infected wounds. 


PHARMACEUTICAL PRECAUTIONS Recommended storage 
conditions: Below 25°C, away from moisture and direct 
heat. Shelf life is 5 years, the expiry date is shown on each 
pack. Do not re-sterilise the contents of the pack. Unused 
product from opened packs should be discarded. As with 
all sutures, care should be taken to avoid damage when 
handling. Avoid the crushing or crimping application of 
surgical instruments, such as needle holders and forceps to 
the strand, except when grasping the free end of the suture 
during an instrument tie. 


LEGAL CATEGORY Not applicable. 


PACKAGE QUANTITIES Coated VICRYL (Polyglactin 910) 
is available in various lengths in gauge sizes Metric 0.4 to 
5.0 (8/0 to 2) and 3 metre lengths on LIGAPAK® reels 
Metric 2.0 to 4.0 (3/0 to 1). All products are sealed in 
aluminium foil packs and peel-apart overwrap pouches. 
The sales unit is a film-wrapped box containing 10, 12 or 
24 packs. 


FURTHER INFORMATION No suture related adverse 
reactions were reported during clinical trials, although a 
number of minor reactions were classified as being of 
unknown cause. 
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ALGISTAT is a totally new concept in UM 
management and control of intra-operati» 
bleeding. It has three unique properties: 

+ ACTIVE HAEMOSTASIS 

e HIGH ABSORBENCY 

e HIGH FLUID RETENTION 


which combine to provide major benefi 
including: 


+ IMPROVED FIELD OF VIEW 

* REDUCED PATIENT BLOOD LOSS 
e REDUCED OPERATING TIME 

* REDUCED COSTS 


ALGISTAT 


Calcium alginate 
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ALGISTAT Active Haemostatic Surgical Absorbent. Presentatiow 
Soft white sterile patterned absorbent felt of calcium alginate fibre 
incorporating an X-ray detectable strip. Uses As an adjuvant in tł 
control of haemorrhage during sungen and to absorb fluids fror 
intra-operative bleeding. ALGISTAT must be removed before th 
incision is closed at the end of surgery. Dosage and Administratio 
There is no difference in the treatment of adults, children or th 
elderlWALGISTAT is applied to areas of capillary oozing and venot 
bleeding. ‘Gentraindications, warnings, etc Remove ALGISTAT whe 
bleeding has Stepped, or when maximum absorbency has bees 
reached. ALGISTABagust be removed at the end of surgery, befor 
skin closure. Animal stðdies have shown that if calcium alginate # 
left in-situ on wound closur®a local intense inflammatory respons 
s observed and adhesions Wẹ, bé produced. Although rare 
hypersensitivity reactions to the product mav occur. ALGISTAT # 
not intended to replace normal surgical practices for controlling 
bleeding. The physical characteristics of ALGISTAT differ from tha 
of conventional cotton gauze swabs. It is unsuitable for application 
where the latter are employed for their physical Characteristics 
These include the application of fluids to surfaces as tempor ar“ 
covers, e.g. over the ends of resected bowel, for the applicafion os 
lraction to ussues, or in “blunt” dissection, Use in pregnancy The 
effect of alginates during pregnancy and lactation has not bees 
studied, but no hazard in their use is anticipated. Pharmaceutica 
precautions Store in a cool, dry place. Not to be resterilised 
Legal Category P| Package Quantities 10cm x l0cm. sache 
containing 3 absorbents, carton of 10 sachets £75. 10cm x 20cm 
sachet containing 2 absorbents, carton of 10 sachets £90. Produce 
Licence No: PL 6079/0009 


LABORATORIES LIMITED 
Subsidiary of MERCK & Co.. Inc., Rahway, NJ, USA 


Marketed in the UK by BritCair, a division of C V Laboratories Limited 
C V Laboratories Limited 


Gordon House,Gordon Road, ALDERSHOT 
Hants GULL ILD, Tel: (0252) 333314 
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In a recent study! comparing the quality 
of life of prostate cancer patients receiving 
‘Zoladex’ compared with those being treated 
with orchidectomy, it was found that men 
receiving ‘Zoladex’ gained a number of 
improvements in several important aspects 
of their lives. 

Profile of Mood States (POMS) was used 
to assess such feelings as tension, depression, 
fatigue and vigour, while Functional Living 
Index: Cancer (FLIC) was used to measure 
physical ability, sociability, emotional state 
and family interaction. 

The results of this study suggest that only 
the patient group treated with ‘Zoladex’ 
maintained a higher level of quality of life 


compared to their pre-treatment values. 
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Coated VICRYL (Polyglactin 910) Braided Synthetic Absorbable Suture, Sterile 


PRESENTATION VICRYL (Polyglactin 910) Suture is 
prepared from a copolymer of glycolide and lactide in the 
ratio 90/10. The substances are derived respectively from 
glycolic and lactic acids. The empirical formula of the 
copolymer is (C2H202)m(C3H4O2)n. 

Coated VICRYL (Polyglactin 910) Sutures are obtained 
by coating the braided VICRYL suture material with a 
mixture composed of a copolymer of lactide and glycolide 
in the ratio of 65/35 and an equal amount of calcium 
stearate. This coating does not affect the biological 
properties of the suture. 

VICRYL (Polyglactin 910) Sutures are coloured by 
adding D & C Violet No 2 during polymerisation of the 
lactide and glycolide. Sutures may also be manufactured in 
the undyed form. 

Coated VICRYL (Polyglactin 910) is available in 
non-needled lengths or attached to stainless steel needles 
of varying types and sizes, and is sterilised by ethylene 
oxide gas. 

These sutures are relatively inert, non-antigenic, non- 
pyrogenic and elicit only a mild tissue reaction during 
absorption. 

Action: Two important characteristics describe the 
in vivo behaviour of absorbable sutures. The first of these 
is tensile strength retention and the second absorption rate 
or loss of mass. 

The general mechanism by which in vivo degradation 
of VICRYL (Polyglactin 910) occurs is hydrolysis. 

Subcutaneous tissue implantation studies of Coated 
VICRYL Suture in rats show at 14 days post-implantation 
approximately 65% of the original tensile strength 
remains. At 21 days approximately 40% of the original 
strength is retained for gauge sizes Metric 0.7 (6/0) and 
larger, and approximately 30% of the original strength is 
retained for gauge sizes Metric 0.5 (7/0) and smaller. 
All of the original tensile strength is lost between 28 and 
35 days post implantation. 

Intramuscular implantation studies in rats show that 
the absorption of these sutures occurs thereafter and is 
complete between the 56th and 70th day. 


USES Coated VICRYL Synthetic Absorbable Sutures are 
intended for use where an absorbable suture or ligature is 
indicated. 


DOSAGE AND ADMINISTRATION By implantation. 
CONTRA-INDICATIONS, WARNINGS, ETC These sutures, 


being absorbable, should not be used where extended 
approximation of tissues under stress is required. 


Sutures placed in skin and conjunctiva may cause 
localised irritation if left in place for longer than 7 days. 

The safety and effectiveness of Coated VICRYL 
(Polyglactin 910) in neural tissue and in cardio-vascular 
tissue have not been established. 

At the discretion of the surgeon, appropriate non- 
absorbable sutures may be used to provide additional 
wound support when Coated VICRYL (Polyglactin 910) 
Sutures are used in ophthalmic procedures. 

Under certain circumstances, notably orthopaedic 
procedures, immobilisation by external support may be 
employed at the discretion of the surgeon. 

Coated VICRYL (Polyglactin 910) Sutures, which are 
treated to enhance handling characteristics, require the 
standard surgical technique of flat and square ties with 
additional throws if indicated by surgical circumstances 
and the experience of the operator. 

Acceptable surgical practice must be followed with 
respect to drainage and closure of infected wounds. 


PHARMACEUTICAL PRECAUTIONS Recommended storage 
conditions: Below 25°C, away from moisture and direct 
heat. Shelf life is 5 years, the expiry date is shown on each 
pack. Do not re-sterilise the contents of the pack. Unused 
product from opened packs should be discarded. As with 
all sutures, care should be taken to avoid damage when 
handling. Avoid the crushing or crimping application of 
surgical instruments, such as needle holders and forceps to 
the strand, except when grasping the free end of the suture 
during an instrument tie. 


LEGAL CATEGORY Not applicable. 


PACKAGE QUANTITIES Coated VICRYL (Polyglactin 910) 
is available in various lengths in gauge sizes Metric 0.4 to 
5.0 (8/0 to 2) and 3 metre lengths on LIGAPAK* reels 
Metric 2.0 to 4.0 (3/0 to 1). All products are sealed in 
aluminium foil packs and peel-apart overwrap pouches. 
The sales unit is a film-wrapped box containing 10, 12 or 
24 packs. 


FURTHER INFORMATION No suture related adverse 
reactions were reported during clinical trials, although a 
number of minor reactions were classified as being of 
unknown cause. 


PRODUCT LICENCE NUMBER 0508/0009. 
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"O ACHIEVE THE PERFECT PERFORMANCE 
USE THE RIGHT INSTRUMENTS. 


Keeping in tune with today’s minimal 
invasive surgical procedures makes it 
more essential than ever to have the 
right backing in the instrument section 

Because when it comes to the precision 
of ELECTROSURGICAL equipment, you 
need to know you can rely on the 
performance. And you certainly won't 
want any sudden shocks during 


your 


own solo performance 


YOU'RE NOT P 


Eschmann Equipment Division, Peter Road, Lancing, West Sussex BNI5 8TJ, England. Telephone (0903) 75332: 


ROPE 


So it’s good to hear that with Eschmann 
products, you can tune up on years of 
surgical and 


experience in practices 


ELECTROSURGICAL technology. And 
we certainly don’t play second fiddle 
when it comes to safety, reliability and 
performance 

We can even orchestrate our product 


range to suit the specialist concerned, 


including a choice of bipolar and mono 
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products are 
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INTERNATIONAL SURGICAL ONCOLOGY FELLOWSHIP 
MEMORIAL SLOAN-KETTERING CANCER CENTER 
NEW YORK, NEW YORK 


Memorial Sloan-Kettering Cancer Center is offering a one-year International Surgical Oncology Fellowship 
to fully trained general surgeons from outside of the United States who desire further experience in surgical 
oncology. These physicians must be committed to surgical oncology and certify that they plan to return to 

their home country upon completion of training. 


Salary and subsidized housing are provided. Professional liability insurance as well as major medical bene- 
fits for fellows and dependents are provided. 


The candidate's qualifications will include (1) graduation from a recognized foreign medical school and 
have completed a general surgery residency equivalent training program in their country; (2) have passed, 
within three attempts, the ECFMG or the FMGEMS or any predecessor or successor examination; (3) must 
qualify for and obtain a limited permit from the New York State Education Department, in accordance with 
its requirements; (4) Board eligibility or equivalent suggested. 


Applications for the academic year beginning July 1, 1994 must be completed and returned by July 31, 1993. 
Selections will be made by October 31. 


Application forms for the International Surgical Oncology Fellowship can be obtained by writing to: 


Daniel G. Coit, M.D., Director of Surgical Education 
Department of Surgery, Memorial Sloan-Kettering Cancer Center 
1275 York Avenue, New York, New York 10021 212-639-7537 





ST.MARK'S HOSPITAL 
Thursday 25 June 1993 


Pouch Workshop 


One Day Meeting 


Technique, Management , Complications, Follow-up 


Invited teaching faculty 
including Professor Zane Cohen 
and the surgeons of St.Mark's Hospital 


Applications to 
Mrs Lorraine Moore 
St.Mark’s Hospital 


City Rd.London EC1V 2PS | Fee £150. | 
071.601-7955, Fax 071.253-4057 Fee £150. 
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nann 
yhimann (Eds.) 


Investigation 
of Anorectal 
Functional 
Disorders 


1993. 

Approx. 224 pp. 

130 figs. 40 tabs. 
Hardcover DM 248,- 
ISBN 3-540-55326-6 





Contents: Physiology and Pathophysiology of Defaeca- 
tion. - Ultrasound Anatomy of the Pelvic Floor. - Pelvic 
Floor Stability and the Uterus. - Case History and Clinical 
Examination. - Defaecography: Technique and Radiation 
Exposure. — Defaecographic Parameters in Asymptomatic 
Subjects. - Indications for Defaecography. - The Value of 
Defaecography for Treatment Decisions. - Conventional 
Radiography, Computed Tomography and Magnetic 
Resonance Imaging. ~ Balloon Proctography. - Endos- 
copy and Histological Findings. - Scintigraphy. - Transit 
Time Measurement. - Manometry, Electromyography 
and Other Functional Pelvic Floor Tests. - Rectal 
Prolapse. — Rectal Outpocketing. ~ Enterocele. - Assess- 
ment of Functional Constipation. - Defaecography and 
Incontinence. - Anal Sphincter Dysplasia. - Subject 
Index. 


Springer 


am.297/MPP? V/2h 





Price is subject to change without notice 


y 01475 Fifth Ave., New York, 






Springer-Verl 
NY DONO, © 
France 





Ci Heidelberger Platz 3, W-1000 Berlin 33, F.R. Germa 

Alexandra Rd.. London SW19 JZ, England £ we des Carmes, F-75005 Paris 

i ngo 3-chome, Bunkyo-ku, Tokyo 113, Japan 1, Mirror Tower, 61 Mody Road, 
Kowloon, Hong Kong O Avinguda Diagonal, 468-4 O6, £08006 Barcelona. Spain 
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THE UNIVERSITY 
Ss OF QUEENSLAND 


Advanced Laparoscopic 
Skills Laboratory 


Department of Surgery 


The course is aimed at general surgeons who wish to 
update with laparoscopic techniques covering 
instrumentation, equipment, cholecystectomy, 
appendicectomy, techniques of haemostasis using 
ligatures, clips and staples, principles of suturing and 
knotting. 
Course fee: A$1,500.00 
Limited to nine (9) registrants. 
Location: Royal Brisbane Hospital, 
Brisbane, Queensland, 
AUSTRALIA. 
3-day courses held at regular intervals, 
Further information may be obtained from: 
Ms Judy James 
Department of Surgery 
The University of Queensland 
Royal Brisbane Hospital, Herston 
Queensland 4029 AUSTRALIA 
Telephone: +61 7 365-5232 
Facsimile: +61 7 252-5063 





BRITISH SOCIETY FOR HAEMATOLOGY 
BRITISH COMMITTEE FOR STANDARDS IN 
HAEMATOLOGY 
HAEMOSTASIS AND THROMBOSIS TASK 

FORCE 


HEPARIN THERAPY: 
CURRENT CONTROVERSIES 
Friday, 30th April, 1993 at 10.00 am. 


ROYAL SOCIETY OF MEDICINE, 
LONDON, UK 













SPEAKERS: 
Dr. Trevor Barroweliffe, Mr. Roy Farquharson, Dr, Russell 
Hull, Professor V.V. Kakkar, Professor David Lane, Dr. 
David Taberner, Dr. Duncan Thomas, Dr. Isobel Walker 
The symposium is particularly suitable for clinicians involved | 
in heparin prophylaxis and treatment, including specialists 
in obstetrics, general and orthopaedic surgery and internal 
medicine, as well as haematologists. 
Application for registration to: Dr. M. Greaves, H. Floor, 
Royal Hallamshire Hospital, Glossop Road, SHEFFIELD, 
$10 2JF 
Telephone: 0742 766222 ext. 2231 Fax: 0742 797442 
Registration Fee: £25.00: including lunch and 
refreshments. 
Cheques payable to: “Heparin Symposium’. 
Numbers limited to 200 participants. Please apply early. 
SPONSORED BY: i 
BSH - Novo Nordisk ~ Sanofi ~ Rhéne-Poulenc Rorer- | 
Kabi Pharmacia i 

















First issue: February 1993 


Cardiovascular 
Surgery 


Official Journal of The International Society for Cardiovascular Surgery 


Co-Chief Editors: 
E John E Connolly, USA 
E Kevin G Burnand, UK 


Cardiovascular Surgery publishes original articles, reviews, short notes and case 
reports on basic and clinical research on all aspects of cardiovascular disease. Book 
reviews and correspondence are also included. 


Includes articles on all aspects of 
cardiovascular disease 


International coverage 
High standards of presentation 


International Editorial Board 


Send for your FREE sample copy and judge the journal for yourself. 


Denise Baverstock, Butterworth-Heinemann, Linacre House, Jordan Hill, Oxford OX2 8DP, UK 
Telephone: +44 (0) 865 314558 Fax: +44 (0) 865 314519 
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CUSCHIERI Thoracoscopic Instruments 
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Thoracoscopy has for many 
years been an established 
means of diagnosing pulmonary 
and pleural disorders. However, 
endoscopic surgery of the pleu- 
ral cavity is becoming increas- 
ingly important today, in addition 
to mere diagnosis, also the spe- 
cial anatomy of this part of the 
body imposes its own require- 
ments on the shape and handling 
of the instruments used. The set 
of CUSCHIERI instruments has 
therefore been developed on the 
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basis of exhaustive experimental 
and clinical trials. The special 
shape of these instruments per- 
mit easy manipulations in the en- 
tire intrathoracic space. Safe acc- 
ess and unimpeded working are 
guaranteed by newly developed 
flexible trocars which can be ste- 
rilized in an autoclave. Combined 
with the unrivalled quality of the 
HOPKINS rod-lens system, sur- 
geons now have a set of sophisti- 
cated instruments of outstanding 
quality for this new method. 


United Kingdom agents 
Rimmer Brothers 
Aylesbury House 
Clerkenwell Green 
London 

EC1RODD 

Tel: 071-251 6494 


STORZ 


KARL STORZ — ENDOSKOPE 





KARL STORZ GMBH & CO 

Mittelstr. 8, Postfach 230 

D-7200 Tuttlingen/Germany 

Cable: Endoskopie 

Phone: (074 61) 70 80, Telex: 762 € ; 
Teletex: 746 118, Telefax: (074 61) 70 8105 





Telefax: 213 


KARL STORZ Endoscopia 


815 N.W. 57 


California 90232-3578 
Telex: 910-34 


280 2504 
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Latir 
AV, Suite No. 342 


Miami, Florida 33126 
Phone: KSLA (< 262-898 
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Advanced Laparoscopic 
Colorectal Surgery Symposium 


Royal London Hospital Trust 
30th March 1993 


Live Surgical Demonstrations 
Laparoscopic colorectal surgery for benign and malignant disease. 
Rectopexy : Stoma Formation : Right Hemi-Colectomy : Anterior Resection 


Faculty to include: 

Professor N S Williams, Royal London Hospital 
Mr O J McAnena, Royal London Hospital 
Mr J R T Monson, St. Mary’s Hospital 
Dr G H Ballantyne, Yale University 


Enquiries to: Pam Bishton, Course Coordinator, Auto Suture Company, UK 
2 King’s Ride Park, King’s Ride, Ascot, Berkshire, SL5 8BP Telephone: 0344 27721 


ADVERTISE IN THIS JOURNAL 
MAKE IT WORK FOR YOU 


This journal is highly specific and enables companies to advertise their 
product, service or event to a well defined and attentive audience within a 
perfectly tailored editorial environment. 


Butterworth-Heinemann journals provide: 
* Precision targeting 
* Long ‘shelf life’- advertising goes on working, reinforcing your sales message 
* High pass-on readership 


Full details of advertisement rates, mechanical data, information on circulation 
and copy dates can be obtained from: 
MTB Advertising, 11 Harts Gardens, Guildford, Surrey GU2 6QA UK 
Telephone: +44 (0) 483 578507 Fax: +44 (0) 483 572678 


UTTERWORTH 
EINEMANN 
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Current Surgery 


Eprror-in-Curer: Water J. Portes, MD 


The journal now has a new format, and a new mission: to serve as a 
resource forresidents' and surgeons’ continuing education with expan- 
sion to include the surgical subspecialties, internal medicine, and the 
other medical fields as they relate to surgery. The result is a current, 
relevant and enjoyable publication that brings the readers the latest and 
most comprehensive digest of topical literature in general surgery. 


ISSN: 0149 7944 / Published 9 times a year 
Rates: Personal: £56 Institutional: £68 In-Training: £43 


Diseases of the Colon and Rectum 


Eprror-1n-Cer: Rosert W. Beart, Jr., MD 


Three decades of experience and two prestigious societies back this 
reputable publication tomake it the journal of choice among colorectal 
surgeons worldwide. Gastroenterologists, colorectal surgeons and 
general surgeons have discovered that itis constantly evolving tomeet 
the needs of patients and practitioners in this fast-changing specialty. 


ISSN: 0012 3706 / Published monthly 
Rates: Personal: £75 Institutional: £102 In-Training: £48 


~ Surgery Books & Journals for 1993 ~ 





Videoscopic Surgery 


Eprror: Ropert W. Bamey, MD 


Backed by a stunning array of innovations, the laparoscope heralds a 
new era in general surgery. In this new publication, general surgeons 
receive authoritative, fully illustrated lessons on techniques, technol- 
ogy, case management, and the latest developments in diagnostic and 
therapeutic trends. 


ISSN: 1058 7357 | Published biweekly 
Rates: Personal: £127 Institutional: £130 In-Training: £85 


The Journal of Trauma 
Eprror: Jons H. Davis, MD 


As one of the most frequently cited scientific journals that provides a 
specific focus on traumatic injury, each issue emphasises clinical 
applications, techniques, and new developments in trauma care, as 
well as practical information of immediate use to surgeons working 
with trauma victims. 


ISSN: 0022 5282 | Published monthly 
Rates: Personal: £80 Institutional: £102 In-Training: £35 


Plastic and Reconstructive Surgery 


Eprror: Rosert M. Gotpwyx, MD 


For more than 40 years this has been the one consistently excellent reference for every specialist bringing readers up-to-the-minute reports on the 
latest techniques, and follow-up for maxillofacial reconstruction, burn repair, and cosmetic reshaping. 


ISSN: 0032 1052 / Published 14 times a year ! Rates: Personal: £118 Institutional: £135 In-Training: £76 





Advanced Laparoscopy for Surgeons 
Barry A, Satky, MD 
Clincially oriented this book covers the latest advances in therapeutic 


laparoscopy, backed up with approximately 120 high quality full 
colour photographs. 


1993 | 208 pages / 160 illus / 0 89640 224 X 
Published by Igaku-Shoin / Approx. £104 


Preneoplastic Lesions 
Irvinc M. Arie, MD 


This book discusses the diagnosis of precancerous and neoplastic 
lesions, and appropriate treatment regimens. It also addresses the role 
of adjuvant therapy for specific lesions and discusses the controversies 
of this topic. 


1993 / 350 pages / 116 illus | 0 683 00255 4 
Published by Williams and Wilkins / Approx. £67 


Diagnosis and Management of Varicose Veins and Telangiectasias 
Joun J. Bercan, MD, FRCS 


This book offers practitioners rational medical and surgical approaches to the evaluation and treatmentof varicose veins and telangiectasic blemishes, 
1993 1 300 pages / 150 illus / 0 942219 44 9/ Published by QMP / Approx. £79 


For enquiries please contact Williams & Wilkins Ltd, Broadway House, 


2-6 Fulham Broadway, London SW6 1AA. Tel: 071 385 2357. Fax: 071 385 2922 
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CALL FOR PAPERS 


Butterworth-Heinemann announce the publication of 
a new international journal 


Ambulatory 
Surgery 


Editors-in-Chief: Consultant Editor 

- Paul E M Jarrett, MA FRCS Bernard V Wetchler, MD Thomas W Ogg, MA FFARCS 
Director, Surgical Services Director, Department of Anesthesia Director, Day Surgery Unit 
Kingston Hospital Medical Director, Ambulatory SurgiCare Addenbrooke’s Hospital 
Galsworthy Road The Methodist Medical Center of Illinois Cambridge CB2 2QQ, UK 
Kingston-upon-Thames 221 Northeast Glen Oak 

Surrey KT2 70B, UK Peoria, Hinois 61636, USA 


Aims and Scope 


Ambulatory (day-care) surgery now provides an efficient and flexible approach to the provision of many surgical and 
therapeutic procedures. 


Ambulatory Surgery will promote and develop this system of patient management by providing a multidisciplinary, 
international forum for all health care professionals involved in day-care surgery. The journal will publish 
peer-reviewed original articles relating to the practice of ambulatory surgery, including papers on the following 
topics: 

Basic and clinical research 

~ surgery, anaesthesia, nursing 

Administrative issues 

~ facility development, management, policy issues, reimbursement 

Perioperative care 

~ patient and procedure selection, discharge criteria, home care 


The editors will also encourage the submission of topical and educational reviews examining a wide range of subjects 
and the controversies. 


Short reports, case reports and letters to the Editor are welcomed. 


Ambulatory Surgery will be the primary international journal for the publication of high-quality papers in this field. 


Readership 


Essential reading for all medical and nursirg professionals and managers with an interest in ambulatory surgical 
treatment and facilities. 


First Issue: March 1993 Publication: Quarterly ISSN: 0966-6532 
Subscription rates: £95.00 (UK/Europe) £99.00 (Rest of World) 


UTTERWORTH 


Linacre House, Jordan Hill, Oxford OX2 8DP, UK Telephone: (0865) 310366 Fax: (0865) 310898 
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OUTSTANDING SURGERY TITLES FROM 





W.B. Saunders & Bailliére Tindall | 


GREENHALGH 
Surgery for Stroke 


NORTON et al 
Surgical Decision Making 3/e 


The revised, updated third edition of this innovative work 
presents a systematic approach to surgical decision mak- 
ing. In this edition, emphasis is given to economic 
considerations and outcome projection as factors affecting 
the decision-making process. 


0 7216 6598 5, 1992, £55.00, 384pp Hb 
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SUTTON & DIAMOND 
Endoscopic Surgery for Gynaecologists 


A multi-author text which looks at the current techniques 
available for both diagnostic and interventional proce- 
dures, examines the choice of instrumentation and the 
reasons for selecting a specific instrument, provides 
guidance on how to perform the techniques as well as 
considering their complications and safety. The impor- 
tance of perioperative care is stressed and future develop- 
ments in gynaecological endoscopy are discussed. 


0 7020 1578 4, March 1993, £65.00, 416pp, 300ills 


paana 


RUTHERFORD 
Atlas of Vascular Surgery: 
Basic Techniques and Exposures 


A comprehensive two-volume atlas which depicts the 
entire spectrum of vascular surgery from the basics to the 
most complex vascular procedures. With over 600 
detailed illustrations, this atlas covers all aspects of 
vascular surgery, laying the groundwork for understand- 
ing the entire spectrum of specific procedures. 


0 7216 2956 3, April 1993, ca£55.00 
ca288pp, cal55ills, Hb 


MANAON 


WIESEL, DELAHAY & CONNELL 
Essentials of Orthopedic Surgery 


Based on the most recent information available, this 
book includes new information on both the basic 
science of musculoskeletal disease and the technical 
aspects of surgery. 


0 7216 4614 X, March 1993, ca£21.95 
ca328pp, cal37ills 


For further information contact 


Harcourt Brace & Company 


24-28 Oval Road, London NWI 7DX, U.K. 
Tel: (071) 267 4466 
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An authoritative, multi-author, state-of-the-art 
review of a controversial field, Surgery for Stroke 
covers the indications for carotid surgery - now re- 
evaluated in the light of International Clinical trials: 
it describes all the best techniques of carotid surgery 
and justification for individual approach; it also 
covers intra-monitoring assessment methods and 
assesses their contribution to the reduction of intra- 
operative stroke. 


0 7020 1759 0, April 1993, ca£75.00 
ca500pp, 177ills 
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WRIGHT & FISHER 
Laser Surgery in Gynecology: 
A Clinical Guide 


A comprehensive guide to laser surgery for diseases 
written by established authorities in the field. H 
presents the basics of laser surgery and safety and 
moves on to describe laser surgery in the lower 
female genital tract. 


0 7216 4007 9, March 1993, ca£40.00 
ca352pp, ca277ills 


TUBIANA 
The Hand Volume 4 


Written by an internationally recognized group of 
experts, volume four of this four-volume reference 
details non-traumatic lesions, hand palsies, rheuma- 
toid arthritis, congenital malformations and rehabili- 
tation. An invaluable resource for hand surgeons, 
offering solutions to patients with life-affecting 
problems which interfere with manual dexterity. 


0 7216 8910 8, March 1993, ca£217.00 
ca968pp, cal334ills 
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AHN & MOORE 
Endovascular Surgery 2/e 


Extensively revised and updated to reflect new 
developments in the field, this definitive volume 
provides a state-of-the-art review of contemporary 
diagnostic and therapeutic techniques. 


0 7216 4370 1, 1992, £92.00 
616pp, 827ills, Hb 
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at every surgeon should KNOW.. 


Thromboembolic complications still remain a common problem 
after surgery’ A number of studies have shown that the risk of 
thromboembolic complications after surgery can be significantly 
reduced by thromboprophylaxis.? 


The introduction of Fragmin now makes this treatment even 
more convenient? and effective* than with Unfractioned Heparin. 


... Fragmin simply Once-a-Day 
Effective thromboprophylaxis 


Actual size of syringe 
Prefilled syringes in two concentrations 
2,500 IU and 5,000 IU 


Fe di dalteparin sodium 


Kabi Pharmacia 


Cardiovascular 


Fragmin” Abbreviated Prescribing Information. 


Presentation: Single dose disposable Syringes containing dalteparin sodium 2,500 1U (anti-Factor Xa)/0.2 mi or 5,000 IU (anti-Factor XayiG2 mi. No preservative present. Indication: Peri- and post-operativ 
surgical thromboprophylaxis. Dosage: Adults only. Moderate risk of thrombosis. Fragmin 2,500 IU administered subcutaneously (ag) ours prior to surgery and thereafter 2,500 IU sc once daily for fiv 
days or until the patient is fully ambulant. High risk of thrombosis eg elective hip replacement, extensive operations, patients with Malignant disease. Fragmin 2,500 IU adminis sc 1—2 hours prior t 
surgery, and the same doseis administered 12 hours later. Thereafter 5,000 1U sc once-daily for five days or until the patient is fully ambulant. Contraindications: There are no known absolute contraindication 
to Fragmin. However, caution should be exercised in patients with an increased risk of bleeding complications. Precautions: Caution in patients with severely disturbed hepatic or renal function, throm 
bocytopenia, or defective platelet function and in patients receiving drugs affecting coagulation/platelet function: patients with known heparin hypersensitivity. Fragmin, when administered in doses c 
2,500—5,000 IU/day, does not generally accumulate and, therefore, monitoring of anti-Factor Xa levels is not usually necessary. Side effects: High doses of Fragmin with serum anti-Factor Xa levels Q 
than 15 |U/m! may cause bleeding, Transient slight to moderate increase in liver enzymes have been observed. The following heparin side effects cannot be excluded as Fragmin is a derivative of heparir 
thrombocytopenia, allergic reactions, osteoporosis. Overdose: 100 IU Fragmin is inhibited by 1 mg protamine: see data sheet for full prescribing information Legal Category: POM. Packs: Fragmin 2.50: 
1U/0.2 ml; pack of 10 single dose syringes. 5,000 1U/0.2 mi: pack of 10 single dose syringes. P L Numbers: 2,500 IU/0.2 mi 0022/0076. 5,000 |U/0.2 mi 0022/0077 Kabi Pharmacia Ltd, Davy Avenue, Knowthill 
Milton Keynes, MK5 6PH. 


References: 1. Bergqvist D. Post-operative thromboembolism Frequency, etiology, prophylaxis. Berlin: Springer-Verlag, 1983. 2. Collins R, Scrimgeour A, Yusuf S. Peto R. Reduction in fatal pulmonar 
embolism and venous thrombosis by perioperative administration of subcutaneous heparin. New Eng! J Med 1988; 318:1162-1173. 3. Bergqvist D, Matzsch T, Burmark U S et al. Low molecular weight heparir 
Given the evening before surgery compared with conventional low-dose heparin in prevention of thrombosis. Br J Surg 1988; 75:888-891. 4. Eriksson B| Kalebo P, Anthmyr B O et al. Prevention of De r 
Thrombosis and Pulmonary Embolism After Total Hip Replacement. J Bone Joint Surg 1991;73A (4):484-493 


Further information is available from: Kabi Pharmacia Cardiovascular, S-11 
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We present one new Member (elect) of the Council of the BJS Society 
(Mr Neil Mortensen) plus another two British Members of the Board 


(Messrs Crumplin and Phillips). 








MR MICHAEL CRUMPLIN 


Michael Kenneth Hugh Crumplin (born 1942) was appointed 
a consultant surgeon at the Maelor Hospital, Wrexham, in 
1977. He is a graduate of the Middlesex Hospital Medical 
School and trained in the south of England before becoming 
a senior registrar at the United Birmingham Hospitals. His 
research interests have included gastro-oesophageal reflux, 
biliary surgery and surgery of the elderly patient. He is currently 
the Chairman of the Court of Examiners of The Royal College 
of Surgeons of England. 
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MR NEIL MORTENSEN 


Neil James McCready Mortensen {born 1949) is a consultant 
surgeon at the John Radcliffe Hospital, Oxford. He graduated 
with honours in surgery from the University of Birmingham in 
1973 and trained at Bristol, Exeter and St Mark's Hospital, 
London. Distinctions have included an Arris and Gale 
Lectureship at The Royal College of Surgeons of England 





Consultant Senior Lecturer at Bristol in 1983 and moved to 
Oxford in 1986. He specializes in colorectal surgery with 
particular interests in anorectal physiology, rectal endo- 
sonography and inflammatory bowel disease: he has publi 
widely in these fields. Mr Mortensen is Co-Editor of the 
International Journal of Colorectal Disease, Council Member 
of the British Society of Gastroenterology and past Treasurer 
of the Surgical Research Society. 
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MR ROBIN PHILLIPS 


Robin Kenneth Stewart Phillips (born 1952} is a consultant 
surgeon at St Mark’s Hospital and the Homerton Hospital, 
London: he was appointed to St Mark's in 1987. He has also 
been a senior lecturer in surgery at St Bartholomew's Hospital, 
London. Graduating from the Royal Free Hospital. nis surgical 
training was based at St Marys Hospital, London, He is a 
coloproctologist with special interests in Crohn's disease. anal 
fistula and colorectal carcinoma. including bile metabolism in 
familial adenomatous polyposis and anastomotic carcinogenesis 
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Hepatectomy for liver metastases 


The widest experience of hepatic surgery for metastatic spread of tumour has been 
gained with colorectal secondaries. For this particular condition the natural history 
of untreated disease is fairly well defined. Survival to 5 years from the time gross 
hepatic disease is discovered is so unlikely}? that well-being with no detectable 
tumour after this period undoubtedly represents benefit from treatment. Some 
20-30 per cent of patients undergoing potentially curative liver resection will achieve 
this goal?*, and a further 10 per cent will survive between 5 and 9 years, despite 
relapse with irresectable cancer, thereby indicating substantial palliation’. In one 
series only two of 19 patients who were free from disease after 5 years later developed 
a recurrent tumour; thus the majority of 5-year disease-free survivors may well be 
regarded as ‘cured”*. 

These optimistic data should be considered from a more general perspective. About 
half of all patients with colorectal cancer present at some stage with hepatic metastases 
and around 5-10 per cent eventually become candidates for liver resection. 
Consequently, 1-3 per cent of all patients with colorectal cancer may benefit from 
hepatectomy. With such a common cancer this still represents a substantial number 
of people and the potential advantage for this minority justifies a rather aggressive 
screening policy for all patients who have undergone resection of a colorectal primary. 

Individual judgement on the wisdom of resection for each patient is essential. 
Despite the large number of published series, establishing a valid set of selection 
criteria is difficult. Over the past 20 years hepatectomy for metastases has been 
characterized by a downgrading of some and removal of other contraindications. 
Originally all liver resection for metastases was considered questionable until, in 
1980, Adson and van Heerden? produced a sound basis for the resection of solitary 
lesions. This type of assessment was expanded to include unilateral and then bilateral 
multiple lesions. At present, there is a broad consensus that liver resection is the 
treatment of choice for up to three colorectal metastases in the absence of extrahepatic 
disease, assuming that a satisfactory surgical margin can be achieved. Conversely, 
four or more individual nodules, extrahepatic disease and (to some extent dependent 
on surgical technique) a resection margin <!0mm are commonly regarded as 
contraindications®. 

The adoption of such strict criteria is arguably premature. It is true that, for 
patients with ‘advanced liver metastases (with respect to number and/or distribution 
of lesions), tumours close to essential intrahepatic vascular structures, or disease 
involving other organs, surgery usually has only limited application for technical 
reasons. However, if a curative resection can be achieved despite such factors, survival 
follows a similar course to that found in patients who are commonly regarded as 
favourable candidates for resection*. A negative histological margin is, in fact, the 
paramount determinant of long-term success, as both eventual cure and prolonged 
survival despite cancer relapse are restricted to patients who have had complete 
tumour clearance’. The importance of a negative margin is so overwhelming that 
the greatest attention must be paid to the technical details of surgery and timing of 
resection*. 

To balance this absolute need for a negative margin with adequate liver function 
after resection demands an individualized surgical strategy. In this respect 
intraoperative ultrasonography, recognition of the hepatic vasculature and 
transformation of modern anatomical concepts into operative practice have been 
significant landmarks. Ultrasound-guided segment-orientated procedures are now 
available as well as standard hepatectomies’. They have widely replaced palpation- 
based wedge excision, which was associated with a high incidence of histologically 
positive margins*; this procedure should now be rare in modern hepatic surgery. 
Generally speaking, in non-cirrhotic patients with malignant liver disease, resections 
that allow a 1-5~2-cm margin may be recommended unless more than half of the 
hepatic parenchyma would need to be removed. 

With respect to timing, surgical enthusiasm should be restrained until the biological 
behaviour of the metastatic tumour can be assessed. This ‘test of time’ is strongly 
recommended for small lesions, especially if there is more than one or if a major 
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surgical procedure would be required. Cady and Stone? recommend a routine waiting 
period of 4-6 months, particularly for synchronous metastases. My policy is to 
restrict this interval to a maximum of 3 months, irrespective of the time of diagnosis 
relative to the primary procedure. However, a lesion of 5—6-cm diameter at first 
recognition is regarded as having already passed this test period and should be 
removed without further delay. 

Despite sophisticated diagnostic and surgical technology, the majority of patients 
will eventually suffer tumour relapse. As the liver is the predominant site of recurrence, 
adjuvant chemotherapy with regional drug administration seems a logical supplement 
to complete surgical resection, at least for high-risk subgroups. However, the available 
data do not support the routine application of this technique®. Other approaches 
such as active specific immunization with virus-modified tumour cell vaccines? may 
show future promise, but all adjuvant treatment should be performed only in 
multi-institution prospective trials. E 

As an alternative, cryosurgery has been used over the past decade with some 
promise’. Although the patient most suitable for successful cryosurgery is also likely 
to be an excellent candidate for resection, there are certain indications for this new 
ultrasound-guided procedure. First is the small solitary lesion located deep within 
the right lobe that would otherwise. require formal right hemihepatectomy with 
extensive loss of parenchyma. Second is bilateral disease in which complete resection 
would fail to preserve enough functional liver tissue. A combined approach with 
resection of the hemiliver predominantly involved and freezing of lesions in the 
remaining half may achieve the therapeutic goal at lower risk. Finally, cryosurgery 
may occasionally provide an option for limited recurrent disease when repeat 
hepatectomy cannot be justified for any reason. 

Considering current facts and future perspectives, the following rule of thumb may 
be appropriate for colorectal secondaries in the liver. As no other therapeutic approach 
guarantees long-term tumour-free survival, or even an improved life expectancy, 
resection to benefit prognosis seems justified as long as complete tumour clearance 
can be achieved. This surgical aggression must be balanced by use of more 
sophisticated diagnostic tools, such that improved selection enlarges the group of 
patients treated successfully, while reducing the total number of operations performed. 
A better understanding of tumour biology is mandatory; this cannot simply be 
reflected in numbers, distribution or size of metastatic nodules. Finally, as the technical 
scope of surgery can hardly expand further, effective medical treatment, alternative 
to or at least adjuvant with surgery, is urgently needed. 

Focusing finally on the wide spectrum of non-colorectal liver metastases, one may 
distinguish two different groups: non-endocrine and endocrine. In the former, very 
few patients present with disease confined to a resectable part of the liver and so the 
question of surgical treatment rarely occurs. If complete resection is possible, results 
for metastases from Wilms’ tumour and, to some extent, for renal cancer are 


comparable to those for colorectal cancer!!. Selection criteria and principles of. 


surgical management are therefore similar. Long-term survival following hepatic 
resection has been reported anecdotally for gastric, adrenal and breast cancer, and 
for malignant melanoma, leiomyosarcoma of the small bowel and various other 
sarcomas. However, the likelihood of therapeutic benefit is so marginal that only 
true solitary lesions should be considered for surgery. 

Patients with endocrine malignancy require a considerably modified strategy. 
Many of these tumours, such as carcinoid, islet cell carcinoma and gastrinoma, may 
grow extremely slowly. Even in the metastasized stage, the natural history can extend 
beyond 10 years. As hepatic secondaries of these tumours often cause severe 
symptoms, any effort at surgical resection appears worthwhile. This may support or 
enable effective medical treatment with the consequence of an unchanged survival 
time but a significantly improved quality of life. The options for surgical treatment 
of these patients include cytoreductive debulking, assuming that the tumour mass 
can be reduced by at least 90 per cent. On the other hand, a curative operation may 
be aimed for in highly selected patients with endocrine tumour metastases diffusely 
distributed but still confined to the liver. In such circumstances total hepatectomy 
(or cluster resection) followed by orthotopic liver transplantation may occasionally 
be the best treatment. 


J. Scheele 
Department of Surgery 


University Hospital 
Maximiliansplatz 1 
D-8520 Erlangen 
‘Germany 
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Perspectives in European surgery 


Many readers of this Journal would feel themselves to be in some way professionally 
involved with Europe, perhaps because they are friendly with colleagues in other 
European Community (EC) countries or, at the very least, because they are 


Leading articles 


apprehensive about the effect that decisions made in Brussels may have on their own ` 


practice. The interest in Europe is there; the problem is how to give it expression. 
The number of European surgical societies, associations and federations increases all 
the time. Some of these bodies designate themselves as ‘Academies’ or ‘Colleges’, 
which may give an impression of added status. Most have drawn up statutes and 
articles of association and appointed eminent people as honorary officers. Plans will 
have been made for an annual congress in some agreeable European centre and there 
may even be talk of a new journal. There is nothing wrong in this: it is agreed that 
closer communication between European colleagues is desirable and that British 
surgeons in particular have been guilty of isolationism. But equally it must be 
recognized that there are already too many meetings and certainly far too many 
journals. So what guidance should be given to the busy European surgeon who 
wishes to contact like-minded colleagues on both sides of the Channel but hesitates 
to participate in new societies whose worth he or she cannot evaluate? 

Those bodies that have some official status within the EC and those that carry 
no such weight must be distinguished. The Community is essentially a law-making 
organization; its Commission sets the political agenda and proposes legislation to 
the Council and Parliament that affects all those within the Community. The 
importance of this arrangement is demonstrated in the current dispute over 
accreditation. The Commission receives advice from many quarters and has to be 
selective in its listening. Of the three bodies that represent hospital doctors and have 
a right of entry into the system, the Union Européenne de Médecins Spécialistes 
(UEMS) has the most direct impact on surgeons. Each specialty has its own Section 
that meets regularly and reports upwards in the EC mechanism. Member states each 
have two delegates to the Section; UK surgeons are represented through their Colleges 
and specialist associations. The monospecialist Sections received a recent boost to 
their influence by being entrusted with the establishment of European Boards that 
will supervise specialist training and certification. An important development is that 
the Permanent Working Group of Junior Hospital Doctors has won the right to be 
represented on the Boards. 

This brief account of the statutory advisory bodies can do little more than acquaint 
surgeons with their existence and perhaps encourage them to learn more. The 
important point is that these are the routes into the decision-making process; the 
only way in which non-official professional associations, however prestigious, can 
influence events is to gain places on the Boards. This mechanism is specifically allowed 
for in the Board statutes. 

Some years ago it occurred to French surgeons that, rather than create another 
association, it might be more effective to arrange a congress at which all existing 
national surgical societies could meet to discuss common problems, political as well 
as clinical. The annual meeting of the American College of Surgeons attracts some 
10000 delegates and is a major event in the world professional calendar. Europe has 
an equivalent population and a similar level of talent, so perhaps it should do likewise. 
The idea of Eurosurgery began in Strasbourg in 1988 and the first meeting was held 
in Paris in 1990, under the auspices of the Association Frangaise de Chirurgie. 
Encouraged by its success, Eurosurgery took shape and the second meeting in Brussels 
in June 1992 was attended by 1600 delegates from 27 countries; the Secretary-General 
of the UEMS attended and sent a message of congratulations. 

Eurosurgery is not another new society. It has no individual members but is a 
grouping of national associations that are free to join and leave as they please and 
whose common purpose is to share ideas on the practice and organization of surgery 
within Europe. Rather than being imposed from on high, Eurosurgery is a movement 
that originated in the younger generation of surgeons. Its shape is still not finalized: 
there is a small secretariat based in Paris and a committee of management on which 
all Community countries and a few others are represented, but with a chairman 
rather than president. The president of the congress changes each year and is 
nominated by the country whose turn it is to host the next meeting. Thus Paris 1990 
had a Belgian president, Brussels 1992 had a British president, London 1993 will 
have a German president (because of Berlin 1994) and so forth. 





0007-1323/93/030277-02 © 1993 Butterworth-Heinemann Ltd 


277 


Leading articles 


278 


Although started by a group of general surgeons, Eurosurgery aims to include all 
disciplines and London will see the cooperation of all the British specialist associations 
with their European counterparts. The meeting is not confined to established 
consultants, and a major focus of discussion has been and will be training and 
harmonization, to which the Permanent Working Group of Junior Hospital Doctors 
has contributed so much. Nurses, physiotherapists and ancillaries are catered for in 
separate sessions and have full rights to attend every part of the programme. Free 
registration will be offered to all UK and Irish medical students. It was the secretary 
of the French association who suggested that the official language of the meeting 
should be English, a proposal that no Northern European could have made. 
Furthermore, at the instigation of the Mediterranean countries, this Journal has been 
chosen as the official vehicle for publication of the proceedings. 


J. A. P. Marston 
European Committee 
The Royal College of Surgeons of England 
45-53 Lincoln’s Inn Fields 
London WC2A 3PN 
UK 


Announcement 





Eurochirurgie/Eurosurgery ‘93 


Following the successful Second European Congress of Surgery in Brussels in June 1992, the 
Journal is pleased to continue its association with Eurochirurgie. Our plans include publication 
of the abstracts from Eurosurgery 93 as a supplement to the September issue of the Journal. 
All oral presentations and selected posters will be included in tht abstract book of the meeting. 
This will be distributed free to all regular subscribers of the Journal. 


Once again, the BJS invites submission of definitive manuscripts from papers presented at 
the meeting. These will be subjected to the normal review process of the Journal and those 
accepted will be published in a dedicated Eurosurgery issue. 


Papers from the 1992 meeting appear in the current issue. The Editors encourage all 
contributors at Eurosurgery 93 to submit their contribution in an appropriate form to the 
BJS, detailed advice on preparation of manuscripts can be found in the Instructions to Authors 
at the back of each issue. 


The Journal wishes every success to Eurochirurgie/Eurosurgery and the Editors join Ti+ 
Royal College of Surgeons of England and the numerous associated societies in welcoming 
European surgeons to London in September of this year. 


C. D. Johnson 
Associate Editor 
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Emergency laparoscopic surgery 


The acute abdomen continues to demand a large proportion of the 
general surgeon’s workload. Recent studies have demonstrated that 
management errors can be significantly reduced using selective 
laparoscopy and this should now become routine practice. The continuing 
advances in laparoscopic surgery that permit many emergency 
procedures to be performed by this route provide increased impetus for 
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Building on improvements in videocameras and instrument 
technology that have been central to the development of 
laparoscopic cholecystectomy’, surgeons have become increas- 
ingly adventurous in the procedures that they perform 
laparoscopically. The rapid recovery and return to normal 
activity that follow laparoscopic surgery provide an extra 
incentive for the surgeon to adopt more laparoscopic 
techniques. Although the use of laparoscopy in emergencies is 
not new, it has become increasingly popular as operators have 
become more familiar with the techniques involved. It remains 
to be seen whether the problems of surgical expertise, training 
and theatre logistics can be solved to enable emergency 
laparoscopic procedures to become routine practice ‘out of 
hours’. Of even more importance is to identify which operations 
are suitable for this form of treatment and for which conditions 
laparoscopic surgery provides advantages over the standard 
open operation. This review examines the current role of 
laparoscopy in the acute abdomen, both traumatic and 
non-traumatic, and attempts to rationalize its future contri- 
bution to this field of surgery. 


Management of the acute abdomen 


Evidence over the past two decades from studies using 
computer-aided diagnosis has demonstrated that surgical 
performance in the management of the acute abdomen is 
unsatisfactory?. Although computer-aided diagnosis. can 
improve diagnostic accuracy by at least 20 per cent, it remains 
unpopular with many clinicians*. Other techniques that can 
also improve overall management of the acute abdomen include 
peritoneal lavage* and cytology®, ultrasonography® and 
laparoscopy’. 

The hospital mortality rate for patients admitted with 
non-traumatic acute abdominal pain is 4 per cent, rising to 
8 per cent in those undergoing surgery®. For conditions such 
as perforated peptic ulcer the figure rises to 23 per cent, related 
to the proportion of elderly patients and to delay in presentation 
or treatment®. For common conditions such as acute appendi- 
citis, delay in treatment is also associated with increased 
perforation rates and provides a significant contribution to 
mortality and morbidity'®'!. Efforts to reduce the incidence of 
management errors such as delays in operation? have inevitably 
been associated with an ‘unnecessary’ operation rate, no 
condition requiring surgery being found, for acute appendicitis 
that remains between 15 and 30 per cent!?. It is difficult to 
evaluate formally the complications of an unnecessary lapar- 
otomy, but the incidence of morbidity following an unnecessary 
appendicectomy ranges between 13 and 17 per cent!>!*. 
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a combined approach using diagnostic and therapeutic laparoscopy for 
the management of the acute abdomen. Results of current studies must 
be awaited before the exact role of emergency laparoscopic surgery can 
be defined, but early reports suggest several advantages in using 
laparoscopy to manage conditions such as acute appendicitis, perforated 
peptic ulcer and gynaecological emergencies. 


Diagnostic laparoscopy in the acute abdomen 


One of the first major studies using laparoscopy as a diagnostic 
aid in the management of the acute abdomen was performed 
in North America’. It demonstrated that, in a group of 56 
patients with acute abdominal pain, six of 27 who proceeded 
directly to laparotomy did not require an operation. However, 
laparoscopy performed before laparotomy in 29 patients 
revealed 18 who did not require laparotomy. Since then other 
studies have confirmed these results, concentrating mainly on 
lower abdominal and pelvic pain'*-?°. A study from London 
in which selective laparoscopy was performed in patients for 
whom the need for operation was uncertain reported a 
reduction in error rate from a potential figure before laparo- 
scopy of 19 per cent to zero?’. Furthermore, additional studies 
from the same centre demonstrated that the unnecessary 
appendicectomy rate in this ‘uncertain’ group after laparoscopy 
was only 8 per cent compared with 22 per cent in the group 
in which the clinician was certain as to the diagnosis??. Without 
laparoscopy the overall unnecessary appendicectomy rate in 
women would have been 39 per cent compared with 15 per cent 
in men. Other studies have confirmed these results?*:?* and 
endorse the opinion that all women with the diagnosis, after 
clinical assessment, of suspected appendicitis should undergo 
laparoscopy before appendicectomy*5. 

Although most patients undergoing laparoscopy for acute 
abdominal pain will fall into a ‘suspected appendicitis’ group, 
laparoscopy can provide valuable information in many other 
conditions (Table 1) and, when performed across the whole 
spectrum of the acute abdomen, can become an important 
adjunct to the armamentarium of the emergency surgeon?”-79, 


Table 1 Diagnosis in 125 patients with acute abdominal pain undergoing 
laparoscopy in whom the clinical decision to operate was uncertain? 





Acute appendicitis 

Pelvic inflammatory disease 
Non-specific abdominal pain 
Ovarian cysts 

Peritoneal adhesions 
Metastatic disease 
Perforated diverticulitis 
Ectopic gestation 
Mesenteric infarction 
Empyema of gallbladder 
Torsion of appendix epiploica 
Primary peritonitis 
Retrograde menstruation 
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This use of selective laparoscopy produces an overall final 
diagnosis of non-specific abdominal pain in 23 per cent of 
cases?®, which contrasts with figures in excess of 40 per cent 
from other studies*°. In addition, the ability to make a diagnosis 
at laparoscopy allows the surgeon to discharge patients who 
are still symptomatic. The normal appendix can be visualized 
at laparoscopy in at least three-quarters of patients*', a figure 
that with experience approaches 100 per cent?*-3?. Failure to 
visualize the appendix does not mandate removal as signs of 
right iliac fossa inflammation usually indicate the presence of 
acute appendicitis or, alternatively, another cause for the 
symptoms may be seen. The problem arises when the appendix 
cannot be seen or appears macroscopically normal with no 
other cause found to explain the symptoms**. Although it has 
been suggested that macroscopic assessment of the appendix is 
unreliable compared with final histological examination”, it is 
debatable whether laparotomy should be performed when a 
normal appendix is seen at laparoscopy. In one series, no cause 
for the symptoms was seen in 23 of 125 patients undergoing 
laparoscopy”® and in only four was appendicectomy performed: 
two because the appendix could not be seen, one because 
laparoscopy failed and one because the appendix looked 
inflamed although histological analysis later demonstrated only 
serosal inflammation. Not one of these four appendices showed 
mucosal inflammation and none of the remaining 19 patients 
in whom no further procedure was performed subsequently 
required appendicectomy. f 

Early recognition of gynaecological conditions such as pelvic 
inflammatory disease and the Fitz-Hugh—Curtis syndrome 
(perihepatitis associated with pelvic inflammatory disease)** 
permits early treatment, which is important if complications 
such as infertility are to be reduced*®. More recently, 
laparoscopy has been used in the acute abdomen specifically 
to investigate suspected intestinal ischaemia after aortic 
reconstruction and may even be performed at the bedside?’. 


Diagnostic laparoscopy for abdominal trauma 


Over the. past 30 years diagnostic peritoneal lavage has 
revolutionized the management of blunt abdominal trauma and 
become widely accepted as the first-line investigation®®. 
However, although the sensitivity of peritoneal lavage remains 
>95 per cent®®, many patients undergo unnecessary 
laparotomy when no injuries requiring surgical treatment are 
detected. The mortality rate of a negative laparotomy for 
abdominal trauma, both blunt and penetrating, is 1:6 per cent 
and the morbidity rate around 20 per cent?®. 

In his 1942 paper discussing the problems related to 
non-penetrating abdominal trauma, Estes mentioned the 
possible role of laparoscopy but concluded that it had not been 
in use long enough for adequate evaluation*®. It was many 
more years before further evaluation of laparoscopy for 
abdominal trauma was undertaken*!; subsequent reports from 
several centres have confirmed its value?®?94243, In a 
randomized controlled multicentre comparison of peritoneal 
lavage and minilaparoscopy under local anaesthesia**, 
identification of patients with minor injuries not requiring 
laparotomy seemed easier by laparoscopy than peritoneal 
lavage. There was one unnecessary laparotomy in the 13 
patients undergoing laparoscopy compared with three of 11 
having peritoneal lavage; this difference is not statistically 
significant. In this study the sensitivity of both techniques was 
100 per cent but laparoscopy had a specificity of 94 per cent 
compared with 83 per cent for lavage. Traumatic diaphragmatic 
hernia, often a difficult condition to diagnose, can be confirmed 
by laparoscopy*>. In ten such cases suspected following 
computed tomography or contrast radiography (in addition to 
routine chest radiographs), laparoscopy revealed a ruptured 
diaphragm with herniation in six, a rupture without herniation 
in two and no abnormality in two, thus sparing these last 
patients an unnecessary laparotomy. 
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Acute abdominal conditions and therapeutic laparoscopy 


The exact role of therapeutic laparoscopy for acute abdominal 
conditions remains poorly defined. With increasing experience 
in elective laparoscopic techniques, many surgeons are prepared 
to consider a similar approach for emergency conditions*®. 
There are additional considerations associated with emergency 
therapeutic laparoscopy over and above those for elective 
procedures. The most important are surgical experience, 
training, and availability of equipment and operating time, 
particularly in hospitals with a busy emergency workload. 
Furthermore, the advantages of therapeutic, as opposed to 
diagnostic, laparoscopy remain to be demonstrated. 


Acute appendicitis 

Laparoscopic appendicectomy was first reported by Semm‘*’, 
who has been one of the pioneers of laparoscopic gynaecological 
surgery. The procedure is relatively straightforward and has 
recently been successfully performed by other surgeons*®-°°. 
Before videolaparoscopy became available many who performed 
diagnostic laparoscopy in cases of suspected acute appendicitis 
were undertaking laparoscopically assisted appendicectomy 
when an acutely inflamed appendix was seen‘’. A small incision 
could be made directly over the appendix which could then be 
grasped under laparoscopic guidance. Recent developments in 
videocameras have now rendered this technique redundant, 
perhaps prematurely*?. Reports are now available of large series 
of laparoscopic appendicectomies in both adults and children, 
with excellent results°*:5*. In one*?, 678 patients underwent 
appendicectomy; a laparoscopic removal was attempted in 639 
and was successful in all but 14. The operating time was only 
15-20 min but the postoperative stay was surprisingly long, 
with many patients remaining in hospital for up to 7 days. Both 
acutely inflamed and perforated appendices were included and 
a retrocaecal position was not a contraindication. The surgeons 
in this series divided the appendix mesentery with bipolar 
electrocoagulation and applied a pretied ligature to the 
appendix stump. Stump inversion was not carried out; it can 
be performed if required*’, even though there is good evidence 
from open surgery that it is not necessary*°. 

As laparoscopic surgery develops one can envisage a plan 
of ‘laparoscopy — possibly proceeding to laparoscopic 
appendicectomy’. The problem remains what to do when a 
normal appendix is seen and no other cause for the symptoms 
is found. As noted above, macroscopic assessment of the 
appendix may be unreliable**, which might support its removal 
in these cases. However, the importance of minimal mucosal 
inflammation in a normal-looking appendix is debatable and 
probably does not justify appendicectomy in all equivocal cases. 
The possible advantages of laparoscopic appendicectomy over 
the open procedure with regard to operating time and 
postoperative stay remain unclear despite prospective study>*>’. 
However, it would appear that follow-up laparoscopy after 
both open and laparoscopic appendicectomy reveals a much 
lower incidence of adhesions in the latter group (two of 20 
versus 16 of 20)58. 


Perforated peptic ulcer 


Perforated peptic ulcer is another condition for which the 
laparoscopic approach has attractions. It has been well 
established that some patients with perforated ulcer can be 
successfully managed by non-operative means** and, for many 
of those who do require operation, peritoneal toilet is often the 
only treatment required, the perforation having been sealed by 
omentum. Early reports of laparoscopic treatment of perforated 
ulcer have shown that not only can peritoneal toilet be 
performed effectively but perforations may also be closed®5! 
by intraperitoneal sutures or fibrin sealants to secure the 
omental plug. Concomitant gastroscopy permits the ulcer to 
be visualized from ‘within’, and by passing a Dormia basket 
through the perforation a plug of omentum can be drawn into 
the defect*®. If at laparoscopy the perforation appears to have 
sealed spontaneously, peritoneal toilet alone would seem 
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reasonable. Confirmation of insignificant leakage can be made 
by preoperative contrast studies®* or intraoperative infusion of 
dyes, such as methylene blue, down a nasogastric tube. 


Acute diverticular disease 


There have been few reports of the use of therapeutic 
laparoscopy for acute diverticulitis. Diagnostic laparoscopy 
provides excellent information regarding the state of diverticular 
disease?® and, with current enthusiasm and success for 
laparoscopically assisted colectomy®, it would not be 
unreasonable to expect similar techniques to be applied to acute 
diverticulitis. Preoperative information regarding a colonic leak 
can be obtained from a retrograde contrast enema®* and would 
help the surgeon plan operative strategy pending laparoscopic 
inspection. A localized abscess without overt faecal soiling 
would be amenable to drainage under laparoscopic guidance. 
In cases of perforation requiring resection, the extent and 
severity of disease would determine how much is feasible using 
laparoscopy. 


Intestinal obstruction and adhesiolysis 


Adhesions are often divided at laparoscopy to improve access 
and exposure but whether this manoeuvre is therapeutic in 
patients with chronic pain is debatable®*. The problems of using 
laparoscopy to divide adhesions in the presence of established 
intestinal obstruction are obvious and pneumoperitoneum 
should be achieved using the open technique. Although division 
of widespread intra-abdominal adhesions will not be possible 
using laparoscopy, selected patients with an isolated band may 
be suitable*®, 


Acute cholecystitis 


In the early period of laparoscopic cholecystectomy many 
surgeons excluded patients with acute cholecystitis but, in line 
with the trend in open surgery towards early cholecystectomy 
for this condition®®, reports of laparoscopic cholecystectomy 
for acute cholecystitis are now available. Although the rate of 
conversion to open operation is much higher than for non-acute 
cases (25 versus 4 per cent), the morbidity and mortality rates 
do not differ from those of the elective situation®’. There is no 
doubt that a delayed elective laparoscopic cholecystectomy to 
remove a shrunken fibrosed and non-functioning gallbladder 
is much more difficult than it is to remove a functioning 
gallbladder®*. Open operation may still be the most appropriate 
treatment when the gallbladder is frankly gangrenous, to 
prevent the much higher risk of rupture associated with 
laparoscopic mobilization and dissection. 


Gynaecological emergencies 

Gynaecological emergencies remain a common cause of 
admission to general surgical wards, in some series the incidence 
being as high as 13 per cent’. Laparoscopy has been used as 
a diagnostic procedure in gynaecological emergencies for many 
years but, with the exception of a few enthusiasts’°, once the 
diagnosis was established treatment was usually by laparotomy. 
This policy seems destined to change following a recent study 
from Oxford in which 49 women with gynaecological 
emergencies were managed with videolaparoscopy’!. The 
laparoscopic procedure was successful in 45 and the mean 
postoperative hospital stay was 1:9 days. Twenty-four of 25 
women with ectopic pregnancies and 14 of 15 with ovarian 
cysts were successfully treated by laparoscopic surgery. In a 
randomized controlled trial comparing open and laparoscopic 
surgery for the treatment lof unruptured ectopic gestation, 
postoperative stay was much shorter following the closed 
procedure (1-4 versus 3-3 days), although safety and efficacy 
were the same’*, Whether it is as easy to evaluate and perform 
tubal repair by the laparoscopic approach in favourable cases 
of ruptured ectopic pregnancy remains unproven. Other centres 
have also reported the successful laparoscopic treatment of 
ovarian cysts’>. 
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Conclusions 


Emergency admissions continue to take up a large proportion 
of the overall general surgical workload and available resources 
in the UK”*; incorporation of diagnostic and therapeutic 
laparoscopy is likely to have important cost benefits. It can 
now be confidently argued that laparoscopy should be routine 
in the management of patients with acute abdominal pain in 
whom the decision to operate is uncertain and in all women 
with suspected appendicitis, irrespective of the certainty with 
which the diagnosis is made, because of the high error rate in 
this group. The ability to perform many of the more common 
emergency procedures using laparoscopic techniques is now 
fairly widespread and the decision to proceed with therapeutic 
laparoscopy will depend on many factors, of which surgical 
experience and theatre logistics remain the most pertinent. 
Future studies must identify which laparoscopic procedures 
provide ‘value for money’. Objectives must be well defined and 
a shorter postoperative hospital stay, although important, must 
not be seen as the ultimate goal. The possible reduction in 
complications such as chest infection and wound sepsis needs 
to be quantified, in addition to the requirements for post- 
operative analgesia and early return to normal activities, a 
factor neglected by many current studies. Length of operation 
may not be important in itself but must be taken in context 
with the emergency workload and the time available in the 
operating theatre. The recent trend to establish dedicated 
theatres so that emergency procedures need not be postponed 
until elective surgery has been completed”® will further facilitate 
the introduction and availability of emergency laparoscopy. 

Early reports on the laparoscopic treatment of perforated 
peptic ulcer®° and acute appendicitis?’ do not show a dramatic 
reduction in postoperative stay and more information is 
required before these and other procedures can be recom- 
mended. Results from prospective trials of operations such as 
appendicectomy’® are eagerly awaited. Early criticism?’ of 
some trials*® for not comparing like with like because the 
experience of the operating surgeon differs for the open and 
laparoscopic procedures is valid but misplaced. It is equally 
important to study what happens in the real world and, as 
most open appendicectomies are performed by junior surgical 
staff, it is against these results that any new procedure should 
be compared. If laparoscopic appendicectomy performed by 
senior surgeons is shown to be superior to open appendicectomy 
performed by junior surgeons then, in addition to altering 
surgical practice, the problem of surgical training should be 
addressed’’. 

Conditions causing acute abdominal pain for which 
laparoscopy with or without laparoscopic surgery has a 
potential role include acute appendicitis, acute gynaecological 
conditions, intestinal obstruction caused by band adhesions, 
acute diverticulitis, perforated peptic ulcer, acute cholecystitis, 
mesenteric infarction and disseminated malignancy presenting 
as acute abdominal pain. As diagnostic laparoscopy becomes 
more popular in the acute abdomen, so the opportunity to 
perform other emergency laparoscopic procedures will arise. In 
addition to the above procedures, small bowel resection, 
excision of Meckel’s diverticulum, and closure of traumatic 
intestinal perforations are all possible using the laparoscope. 
However, their feasibility does not justify their practice outwith 
prospective studies at the present time. 
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The role of elective lymph node dissection (ELND) in the 
management of malignant melanoma is controversial. This issue 
is important for surgeons involved in management of cutaneous 
malignant melanoma and raises questions about interpretation 
of the natural history of the disease and motives for surgical 
intervention. If regional nodes are clinically involved, 
therapeutic block dissection is indicated’~*; there is no debate 
about this. The issue that divides the surgical community 
centres on the surgical management of the patient with primary 
malignant melanoma without evidence of clinically involved 
regional nodes. Pemberton, in 1858, advocated a wide deep 
excision for primary lesions plus excision of the regional nodes 
if involved*. A year after the influential 1907 publication of 
Sampson Handley, Hogarth Pringle® introduced the radical 
in-continuity excision of primary lesion, intervening skin, 
lymphatics and regional nodes, whether involved or not. This 
type of excisional surgery for cancer found favour with the 
generation of surgeons who practised Halsted’s radical 
mastectomy for breast cancer. 

This review deals mainly with the management of regional 
nodes draining the limbs because limb primaries are common, 
lymphatic drainage is predictable and major studies have 
concentrated on this aspect. 


Rationale for elective lymphadenectomy 


Even the strongest supporters of ELND agree that only a 
selected group of patients may benefit from the procedure*’. 
Balch and Milton favoured elective intervention, whereas 


Cascinelli and Sim advocated dissection of nodes when they. 


became clinically involved, i.e. therapeutic lymphadenectomy’. 
In a recent review, Balch restated his position but presented 
no new evidence’. The rationale for elective dissection is based 
on the hypothesis that cutaneous malignant melanoma spreads, 
in a stepwise manner, from the primary to the regional nodes 
and then to distant sites>. If this is true, then patients with 
occult micrometastases in the regional ‘nodes should benefit 
from elective lymphadenectomy, because it is performed when 
the tumour burden is small and before systemic spread occurs. 
By the time clinically detectable nodal metastases are 
established, most patients (70-85 per cent) will already have 
distant micrometastases and the 10-year survival rate is around 
25 per cent®. The aim of ELND is, therefore, to provide 
definitive surgical treatment at an early stage in the natural 
history of the disease. Balch and Milton contend that the 
Breslow thickness of the primary melanoma is the major 
indicator of the group of patients who might benefit most from 
ELND’. They argue that primary melanoma of Breslow 
thickness 0-76-4mm has a high risk of occult regional 
metastases, up to 60 per cent in patients with lesions 
15-499 mm thick?, and a low risk of systemic meta- 


The surgical management of regional nodes in patients with cancer has 
been controversial for many years. This paper reviews the role of elective 
lymph node dissection in the management of malignant melanoma. The 
evidence for and against elective lymphadenectomy is discussed and a 
policy of therapeutic, rather than elective, lymph node excision 
recommended. 


stases and that such patients should benefit from elective 
lymphadenectomy?"!3. 

There has been discussion in the literature about the extent 
and timing of ELND. There is no evidence to confirm whether 
inguinal or ilioinguinal dissection is more appropriate in the 
management of lower-limb disease. The major proponents of 
ELND perform an inguinal procedure*-!> and the iliac glands 
are spared unless the inguinal nodes are found to contain 
metastases. It has been argued that lymphatic stasis, which is 
common after elective lymphadenectomy, may provide a 
favourable environment for the survival and proliferation of 
melanoma cells!*. Furthermore, immediate ELND may result 
in the seeding in transit of intralymphatic cells that might ` 
otherwise reach and be contained by the draining nodes, a 
mechanism that provides a rationale for ‘interval’ elective 
dissection. Petersen and colleagues'S found that interval 
ELND, i.e. delayed >14 days after primary excision, was 
associated with a lower incidence of locoregional recurrence. 
Wanebo et al.!® and McCarthy and colleagues’* found no 
benefit from similar approaches and the only prospective study 
that addresses this question is too small to provide a definitive 
answer’, In the absence of good evidence in favour of interval 
ELND, those who carry out elective lymphadenectomy tend 
to do so along with definitive excision of the primary lesion 
under a single general anaesthetic’. 


Evidence for and against elective lymph node dissection 


The main studies for and against ELND are summarized in 
Tables 1 and 2. Where a series has been updated, the most 
recent data are used. 

The theory invoked in favour of elective lymphadenectomy 
is attractive but there are important objections to it. First, 
although the regional nodal basin is the most common site of 
first metastasis*”:28, malignant melanoma does not always 
spread via the regional lymph nodes. Balch’s contention that 
Breslow thickness allows prediction of the site of meta- 
stasis*"''? has not been confirmed. In a World Health 
Organization (WHO) study of 1164 stage I patients treated 
without elective dissection, 516 suffered a relapse within 10 
years of treatment; of these, 51 per cent presented with first 
recurrence in the regional nodes, 22 per cent with distant 
metastases and 31 per cent with simultaneous regional 
lymphatic and distant metastases?°. Evidence is emerging that 
may explain why, in both malignant melanoma and breast 
cancer’, treatment of the regional lymph nodes fails to 
influence survival. It is now known that lymphovenous 
anastomoses often bypass nodes and there are naturally 
occurring channels that allow intact cells to pass through lymph 
nodes*?"?3. Thus, cancer cells may disseminate simultaneously 
by the bloodstream and lymphatic pathways; lymph node 
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metastases can be considered ‘indicators, but not governors’ of 
survival>?. Furthermore, the demonstration of circulating 
malignant cells*+, nodal malignant cells?! and even distant 
micrometastases*> is not invariably associated with clinical 
metastases or death; there may be no inevitable advantage from 
excising nodes containing micrometastases. The major 
prognostic determinants of primary melanoma (for example, 
Breslow thickness) can identify patients at risk of metastases 
and death, but these criteria do not accurately predict the site 
of recurrence?™?6, In the study of Milton et al. of the site and 
time of first recurrence after wide excision alone for stage I 
disease?®, a number of patients who developed first recurrences 
at multiple sites were excluded and a significant minority 
presented first with distant metastases. 

Second, clinical stage I/pathological stage II disease 
(microscopic nodal metastases) is not directly comparable with 
clinical stage II (macroscopic, clinically apparent nodal 
metastases). Protagonists of ELND often argue™!? that the 
prognosis of patients who have microscopic regional nodal 
metastases, diagnosed after elective lymphadenectomy, is better 
than that of those who undergo therapeutic node dissection for 
clinically apparent nodal metastases. However, it is not 
surprising that there is a survival advantage for patients with 
a microscopic tumour burden compared with those with a 
clinically obvious malignant lymphadenopathy; it has even 

“been shown that the number of involved nodes is itself of 
prognostic value?”, Although the overall survival figures for 

patients undergoing ELND seem favourable (Table 1), it does 
not follow logically that such dissection benefits all those who 
undergo the operation. This is because many such patients 
undergo unnecessary operation as the excised glands have no 
demonstrable metastases and prognosis would have been good 
in any case. Conversely, those who have therapeutic dissection 
all have clinically apparent nodal metastases and the 
comparatively poor prognosis is related to the stage of disease. 

A third objection to ELND comes from the two major 
prospective randomized studies that addressed the question of 
routine elective lymphadenectomy; both have shown no benefit 
from the procedure!?-??-3-38 (Table 2). Even the strongest 
advocates of elective excision agree with the principal finding, 
that not all patients with melanoma will benefit from the 
procedure*?, Using the WHO data, Balch? argued that, 
because 56 per cent of patients treated by excision alone for 
lesions of Breslow thickness 1-5-499mm_ subsequently 
required therapeutic lymph node dissection, this figure gives 
an estimate of the true incidence of microscopic nodal 
metastases at the time of treatment of the primary lesion. The 
fallacy in this argument is that there is no reason to suppose 
that all subsequent nodal disease is the result of micrometastases 
present in nodes at or before the time of treatment of the 
primary. At least a proportion of nodal metastases develop as 
a result of delayed spread from locoregional or distant sites. 
Balch’s theory is historically based on the 42 per cent incidence 
of occult nodal metastases in ELND specimens serially 
sectioned and reported in retrospective studies by Lane and 
colleagues?’ in 1958 and Das Gupta*® in 1977. 

In the Mayo Clinic trial of elective lymphadenectomy, the 
incidence of microscopic nodal metastases was 6 per cent 
overall??; in the WHO study the incidence was 19-7 per cent 
overall and only 21 per cent in the intermediate thickness 
group?? (Table 2). In the latter trial 24-2 per cent of patients 
having excision of the primary alone developed nodal 
metastases??-38 in a 5-year follow-up period. Importantly, there 


was no significant difference in 5-year survival rate between ` 


this subgroup and that treated by ELND. 

The data from both the WHO?? and Mayo Clinic?? studies 
support therapeutic node dissection when required, as opposed 
to a routine elective procedure. These major prospective studies 
of ELND were concerned mainly with the general applicability 
of the operation and neither the WHO??38 nor Mayo 
Clinic!?-?* trial was designed to determine whether specific 
small subgroups might benefit. In the latter study’7?:?> there 
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were few patients in the categories that Balch and colleagues 
consider likely to benefit from ELND. 

The WHO Melanoma Group study*® was initiated before 
the identification of factors now recognized to be of considerable 
prognostic significance: neither Breslow thickness nor ulceration 
was originally included in the stratification criteria. Balch has 
indicated that, although tumour thickness is divided evenly 
between the treatment arms in the WHO study’, in the group 
of intermediate thickness (1-5-4-99 mm) there was a higher 
incidence of ulceration in those undergoing ELND (52 per cent) 
than in those having wide excision alone (19 per cent). 
However, <10 per cent of the study population fell into this 
subgroup of patients having elective lymphadenectomy and the 
‘maldistribution’ occurred at random. Balch stated that in this 
small highly selected group there may be a survival advantage 
from ELND*:’ after accounting for ulceration. Even if this 
advantage in the 20 per cent with intermediate thickness lesions 
is real, it represents only a 4 per cent improvement in the whole 
group, of whom a majority would have been subjected to 
unnecessary surgery. 

Some would extend the indications for elective lymph- 
adenectomy to include primary melanoma of >4 mm Breslow 
thickness*', A recent retrospective study of 308 patients with 
clinical stage I melanoma (4-10 mm) showed no benefit from 
ELND and the authors concluded that the risk of distant 
metastases outweighs any benefit of the procedure”*. In another 
retrospective study there was no advantage from elective 
lymphadenectomy in any Breslow thickness group?®. 

The risks of mortality and morbidity associated with the 
additional surgical intervention of ELND should not be 
forgotten. There were two deaths in the Sydney experience of 
elective excision!?, probably occurring in the early years of the 
operation, but it would be difficult to justify any adjuvant 
treatment with a significant risk of mortality today. ELND is 
also associated with morbidity. In a series of 58 patients from 
Birmingham, Alabama’**, 26 per cent developed lymph- 
oedema after inguinal node dissection, 23 per cent seroma, 
5 per cent wound infection, 5 per cent persistent pain and 
8 per cent persistent ‘functional deficit’. In the UK, Bowsher 
and colleagues** reported one death in a series of 46 patients 
undergoing inguinal node dissection for malignant melanoma: 
35 per cent developed seroma and 30 per cent wound infection. 

It must be acknowledged that there may be deficiencies in 
the two prospective randomized trials of elective lymph- 
adenectomy. The multicentre nature of the WHO trial may have 
led to variability in standardization of clinical staging and 
surgical treatment*:’. Another criticism of this trial is that, since 
only limb lesions were selected for study, 85 per cent of the 
patients were women. A population at particularly low risk of 
metastases may thereby have been selected and the overall good 
prognosis might have diluted any benefit from ELND. 
However, Breslow and Geelhoed** compared the mortality 
rates of patients in this study with those from the series of 
Wanebo and colleagues!®, in which there was twice the 
proportion of men. This comparison showed that, thickness 
for thickness, there was no significant difference in survival 
between patients in the two studies. 

In both prospective trials there was careful follow-up of the 
group managed by wide local excision alone, to facilitate the 
early detection of regional lymph node metastases. However, 
clinical accuracy in the diagnosis of metastatic nodes is poor. 
Gumport and Harris*> noted clinical underdiagnosis of 
29 per cent of patients (clinically negative but histologically 
positive) and overdiagnosis in 23 per cent. Fine-needle 
aspiration cytology or open biopsy may be helpful when the 
clinical findings are equivocal’. 

In the WHO trial the overall 10-year survival rate was 
15-20 per cent for patients needing subsequent therapeutic 
node dissection??. Those with a single positive node at 
therapeutic excision had a 44 per cent 10-year survival rate, 
which is an incentive to the early detection and treatment of 
nodal metastases when ELND is not practised. The studies 
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performed by Balch, Milton and others, and cited by them in 
favour of elective lymphadenectomy*:7:1°-!?, are described in 
later publications as ‘prospective but non-randomized’ trials. 
On careful inspection it is clear that in both the Alabama and 
Sydney series a significant proportion of the data was 
retrospectively culled from case records, and in the ‘prospective’ 
parts of these studies the criteria that were used to select patients 
for ELND are not clearly defined. The University of Alabama 
melanoma registryt? began in 1975 but includes patients treated 
since 1955; the Sydney study includes patients treated between 
1950 and 1980. This retrospective cohort is acknowledged as 
such in an early publication!? but is included with a prospective 
cohort in later papers!-3-7-19. 

Breslow and Geelhoed** indicated that the literature 
concerning ELND from before 1977, including some of 
Breslow’s own work, is difficult to evaluate because the studies 
were retrospective and liable to bias in patient selection. 
Breslow found, on reanalysing the data from his 1975 paper*®, 
that surgical colleagues had been selecting patients for ELND 
who had limb rather than axial lesions, which have a less 
predictable lymphatic drainage. In addition, none of the 
patients with Clark level V lesions underwent elective excision. 
Inadvertently the surgeons had selected for ELND those 
patients with the best prognosis. 

This kind of problem appears again in the retrospective 
study of Reintgen and colleagues!* (Table 1) in which patients 
were referred by 30 different surgeons for adjuvant therapy after 
initial surgery. A minority of patients actually underwent 
ELND and there was a bias towards elective lymphadenectomy 
for limb lesions. As in the work of Milton et al., the problem 
of selection bias was dealt with partly by retrospective analysis 
` of the patient groups after stratification according to dominant 
prognostic indicators revealed by multifactorial analysis}?. 
Statistically, this is less satisfactory than prospective random- 
ization with stratification. None of these studies can deal with 
the improvement in prognosis that has occurred in recent 
successive decades. 

Such criticisms do not render the studies supporting ELND 
null and void but serve to emphasize that conscious and 
unconscious bias can corrupt retrospective analyses. An 
alternative position for the supporters of elective excision would 
be to present the truly prospective parts of their series as 
separate trials, since presumably selection criteria were used to 
allocate patients to the different treatments. To date, this 
information is not available. 


Conclusions 


The evidence of the two major prospective randomized studies 
to date suggests that there is no overall survival advantage 
conferred by elective lymphadenectomy. A fuller answer to this 
problem should emerge from the trials of ELND in subgroups 
of patients with stage I melanoma that have been activated by 
the National Cancer Institute of the USA (primary melanoma 
1-4mm Breslow thickness) and WHO Melanoma Group 
(trunk lesions >2 mm Breslow thickness). Until the results of 
these studies become available, the clinician must manage 
patients on the basis of personal interpretation of the available 
evidence. 

ELND cannot be undertaken without risk of significant 
morbidity from lymphoedema and wound infection. Many 
patients undergoing elective lymphadenectomy will not need 
this procedure. Any advantage from ELND is likely to be small, 
even in selected subgroups. It is, therefore, reasonable to pursue 
a policy of therapeutic rather than elective lymphadenectomy. 

There is no evidence from the trials discussed that the 
removal of healthy nodes confers any advantage or dis- 
advantage to the patient with malignant melanoma. If there 
were an effective adjuvant therapy for cutaneous malignant 
melanoma then, as in breast cancer, ELND might be justified 
as a sampling procedure for staging. Finally, it is important to 
note that if a policy of therapeutic node dissection is practised 
then, as in the WHO and Mayo Clinic trials, patients will 
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require long-term follow-up to allow early detection and 
treatment of any regional nodal metastases that develop. 


References 


1. 


10. 


H: 


12. 


13. 


14. 


15. 


16. 


21, 


22. 


Balch CM, Urist MM, Maddox WA, Milton GW, McCarthy 
WH. Management of regional metastatic melanoma. In: 
Balch CM, Milton GW, eds. Cutaneous Melanoma. Clinical 
Management and Treatment Results World-wide. Philadelphia, 
Pennsylvania: JB Lippincott, 1985: 93-130. 

Rosin RD. The treament of malignant melanoma. Eur J Surg 
Oncol 1985; 11: 111-15. 

Balch CM. The role of elective lymph node dissection in 
melanoma: rationale, results and controversies. J Clin Oncol 
1988; 6: 163-72. 

Pemberton O. Observations on the History, Pathology and 
Treatment of Cancerous Diseases. London: Churchill, 1858. 
Sampson Handley W. The pathology of melanotic growths in 
relation to their operative treatment. Lancet 1907; i: 927-33, 
996-1003. 

Hogarth Pringle J. A method of operation in cases of melanotic 
tumours of the skin. Edinburgh Medical Journal 1908; 23: 496-9. 
Balch CM, Cascinelli N, Milton GW, Sim FH. Elective lymph 
node dissection: pros and cons. In: Balch CM, Milton GW, eds. 
Cutaneous Melanoma. Clinical Management and Treatment 
Results World-wide. Philadelphia, Pennsylvania: JB Lippincott, 
1985: 131-57. 

Baich CM, Soong SJ, Murad TM, Ingalls AL, Maddox WA. 
A multifactorial analysis of melanoma. III. Prognostic factors in 
melanoma patients with lymph node metastases (stage II). Ann 
Surg 1981; 193: 377-88. 

Balch CM, Murad TM, Soong S, Ingalls AL, Halpern NB, 
Maddox WA. A multifactorial analysis of melanoma: prognostic 
histopathological features comparing Clark’s and Breslow’s 
staging methods. Ann Surg 1978; 188: 732-42. 

Balch CM, Soong S, Milton GW et al. A comparison of 
prognostic factors and surgical results in 1786 patients with 
localised (stage 1) melanoma treated in Alabama, USA, and New 
South Wales, Australia. Ann Surg 1982;,196: 677-84. 

Balch CM, Murad T, Soong S, Ingalls AL, Richards PC, 
Maddox WA. Tumour thickness as a guide to surgical 
management of clinical stage I melanoma patients. Cancer 1979; 
43: 883-8. 

Milton GW, Shaw HM, McCarthy WH, Pearson L, Balch CM, 
Soong S. Prophylactic lymph node dissection in clinical stage I 
cutaneous malignant melanoma: results of surgical treatment in 
1319 patients. Br J Surg 1982; 69: 108-11. 

Reintgen DS, Cox EB, McCarty KS, Vollmer RT, Seigler HF. 
Efficacy of elective node dissection in patients with intermediate 
thickness primary melanoma. Ann Surg- 1983; 198: 379-85. 
McCarthy JG, Haagensen CD, Hertel FP. The role of groin 
dissection in the management of melanoma of the lower 
extremity. Ann Surg 1974; 179: 156-9, 

Petersen NC, Bodenham DC, Lloyd OC. Malignant melanomas 
of the skin. A study of the origin, development, aetiology, spread, 
treatment and prognosis. Part II. Br J Plast Surg 1962; 15: 
97-116. 

Wanebo J, Woodruff J, Fortner JG. Malignant melanoma of the 
extremities: a clinicopathologic study using levels of invasion 
(microstage). Cancer 1975; 35: 666-76. 

Sim FH, Taylor WF, Ivins JC, Pritchard DJ, Soule EH. A 
prospective randomised study of the efficacy of routine elective 
lymphadenectomy in management of malignant melanoma: 
preliminary results. Cancer 1978; 41: 948-51. 

McCarthy WH, Shaw HM, Milton GW. Efficacy of elective node 
dissection in 2347 patients with clinical stage I malignant 
melanoma. Surg Gynecol Obstet 1985; 161: 575-80. 

Fortner JG, Woodruff J, Schottenfeld D, MacLean B. 
Biostatistical basis of elective node dissection for malignant 
melanoma. Ann Surg 1977; 186: 101-3. 

McCarthy WH, Shaw HM, Thompson JF, Milton GW. Time 
and frequency of recurrence of cutaneous stage I malignant 
melanoma with guidelines for follow-up study. Surg Gynecol 
Obstet 1988; 166: 497-502. 

Shaw HM, McCarthy WH, McCarthy SW, Milton GW. Thin 
malignant melanomas and recurrence potential. Arch Surg 1987; 
122: 1147-50. 

Veronesi U, Adamus J, Bandiera DC et al. Delayed regional 
lymph node dissection in stage I melanoma of the skin of the 
lower extremities. Cancer 1982; 49: 2420-30. 


287 


Lymphadenectomy in melanoma: R. N. Scott and A. J. McKay 


23. 


24, 


26. 


27. 


34. 


35. 


Sim FH; Taylor WF, Pritchard DJ, Soule EH. Lymph- 
adenectomy in the management of stage I malignant melanoma: 
a prospective randomised study. Mayo Clin Proc 1986; 61: 
697-705. 

Crowley NJ, Seigler HF. The role of elective lymph node 
dissection in the management of patients with thick cutaneous 
melanoma. Cancer 1990; 66: 2522-7. 

Karakousis CP, Kachrimanidis S, Rao U, Emrich LJ. Changes 
in survival with clinical stage I malignant melanoma. J Surg 
Oncol 1987; 34: 155-9. 

Binder M, Pehamberger H, Steiner A, Wolff K. Elective regional 
lymph node dissection in malignant melanoma. Eur J Cancer 
Clin Oncol 1990; 26: 871-3. 

Cascinelli N, Bufalino R, Marolda R et al. Regional non-nodal 
metastases of cutaneous melanoma. Eur J Surg Oncol 1986; 12: 
175-80. 


* Milton GW, Shaw HM, Farago GM, McCarthy WH. Tumour 


thickness and the site and time of first recurrence in cutaneous 
malignant melanoma (stage I). Br J Surg 1980; 67: 543-6. 
Balch CM, Wilkerson JA, Murad TM, Soong SJ, Ingalls AL, 
Maddox WA. The prognostic significance of ulceration of 
cutaneous melanoma. Cancer 1980; 45: 3012-17. 

Cascinelli N, Preda F, Vaglini M ez al. Metastatic spread of stage 
I melanoma of the skin. Tumori 1983; 69: 449-54. 

Fisher B. Biological and clinical considerations regarding the use 
of surgery and chemotherapy in the treatment of primary breast 
cancer. Cancer 1977; 40: 574-87. 

Cady B. Lymph node metastases: indicators, but not governors 
of survival. Arch Surg 1984; 119: 1067-72. 

Cady B. ‘Prophylactic’ lymph node dissection in melanoma: 
does it help? J Clin Oncol 1988; 6: 2~4. 

Roberts SS, Hengesh JW, McGrath RG er al. Prognostic 
significance of cancer cells in the circulating blood: a ten year 
evaluation. Am J Surg 1969; 113: 757-62. 

Weiss L, Glaves D, Waite DA. The influence of host immunity 
on the arrest of circulating cancer cells, and its modification by 
neuraminidase. Int J Cancer 1974; 13: 850-62. 


36. 


37. 


38. 


39. 


4l. 


42. 


43. 


45. 


Van der Esch EP, Cascinelli N, Preda F, Morabito A, Bufalino R. 
Stage I melanoma of the skin: evaluation of prognosis according 
to histologic characteristics. Cancer 1981; 48: 1668-73. 

Balch CM, Soong S, Shaw HM, Milton GW. An analysis of 
prognostic factors in 4000 patients with cutaneous melanoma. In: 
Balch CM, Milton GW, eds. Cutaneous Melanoma. Clinical 
Management and Treatment Results World-Wide. Philadelphia, 
Pennsylvania: JB Lippincott, 1985: 321-52. 

Veronesi U, Adamus J, Bandiera DC et al. Inefficacy of 
immediate node dissection in stage I melanoma of the limbs. 
N Engl J Med 1977; 297: 627-30. 

Lane N, Lattes R, Malm J. Clinico-pathological correlation in 
a series of 117 malignant melanomas of the skin of adults. Cancer 
1958; 11: 1025-43. 

Das Gupta TK. Results of treatment of 269 patients with primary 
cutaneous melanoma: a five-year prospective study. Ann Surg 
1977; 186: 201-9. 

Schneebaum S, Briele HA, Walker MJ et al. Cutaneous thick 
melanoma. Prognosis and treatment. Arch Surg 1987; 112: 
707-11. 

Urist MM, Maddox WA, Kennedy JE, Balch CM. Patient risk 
factors and surgical morbidity after regional lymphadenectomy 
in 204 melanoma patients. Cancer 1983; 51: 2152-6. 

Bowsher WG, Taylor BA, Hughes LE. Morbidity, mortality and 
local recurrence following regional node dissection for melanoma. 
Br J Surg 1986; 73: 906-8. 

Breslow A, Geelhoed GW. Tumour thickness as a guide to 
treatment in cutaneous melanoma. In: Ariel IM, ed. Malignant 
Melanoma. New York: Appleton—Century—Crofts, 1981: 109-18. 

Gumport SL, Harris MN. Results of regional lymph node 
dissection for melanoma. Ann Surg 1974; 179: 105-8. 

Breslow A. Tumour thickness, level of invasion and node 
dissection in stage I cutaneous melanoma. Ann Surg 1975; 182: 
572-5. 


Paper accepted 24 August 1992 


Br. J. Surg., Vol. 80, No. 3, March 1993 


Review 





Br. J. Surg. 1993, Vol. 80, March, 


289-297 


R. G. Molloy, 
J. A. Mannick and 
M. L. Rodrick 


Department of Surgical 
Immunology, Harvard Medical 
School and the Brigham and 
Women’s Hospital, Boston, 
Massachusetts, USA : 
Correspondence to: 

Mr R. G. Molloy, University 
Department of Surgery, Glasgow 
Royal Infirmary, 10 Alexandra . 
Parade, Glasgow G31 2ER, UK 


Cytokines, sepsis and 
immunomodulation 


Tissue injury and infection produce significant alterations in host 
metabolic and immune homoeostasis. It is increasingly clear that many 
of these changes result from a complex cascade of mononuclear 
phagocyte-derived endogenous mediators. Among the more important 
is a group of host proteins called cytokines, which play an integral 
role in mediating the host response to tissue injury and infection. Of 
these proteins, tumour necrosis factor (TNF) and interleukin (IL) types 
1 and 6 have received much attention for their pathophysiological roles 
in infection and trauma. Evidence is reviewed for the involvement of 
these cytokines in the characteristic alterations in the metabolic and 
immune responses to such injury. These endogenous mediators initiate 
an integrated fuel substrate and hormonal adjustment to trauma and 
sepsis, and help to provide optimal metabolic homoeostasis for systemic 
host defences. Widespread tissue injury, especially when associated with 
fulminant sepsis, may, however, precipitate massive release of TNF, 
IL-1 and IL-6, triggering a series of reactions involving multiple organs, 
and culminating in the ‘sepsis syndrome’. New therapies designed to 
downregulate this aberrant response, either by neutralizing endotoxin 
directly or by blocking the release or actions of these cytokines, are 
reviewed. Although these treatments hold much promise for the future 
management of severely traumatized and infected patients, careful 
evaluation of both the benefits and complications of therapy is needed 
before widespread clinical use can be recommended. 


Surgical, traumatic and thermal injury commonly stimulate a 
cascade of events that mediate major immune, haematological 
and metabolic alterations in the host response to insult. Recent 
evidence suggests that many of these changes are mediated by 
mononuclear phagocyte*-derived inflammatory mediators’. 
Activation of these cells is one of the earliest cellular responses 
to tissue injury and is associated with the release of a variety 
of inflammatory mediators including cytokines, arachidonic 
acid metabolites, complement split products, lysosomal 
enzymes and oxygen free radicals. Mononuclear phagocyte- 
derived cytokines specifically mediate, via both paracrine and 
endocrine mechanisms, the non-specific host defence and 
metabolic response to tissue injury and infection. They do this 
by stimulating the mobilization of oxygen transport, energetic 
substrate and amino acids, while also promoting protein 
synthesis and cellular proliferation in the liver, bone marrow, 
wound and immune system. 

Major tissue injury, especially when associated with 
infection, is commonly attended by widespread and uncontrolled 
activation of the mononuclear phagocyte cell population. This 
process is responsible for the release of massively increased 
quantities of several inflammatory mediators that spill over into 
the general circulation to exert systemic effects, collectively 
constituting the ‘sepsis syndrome’. The clinical characteristics 
of this.condition include fever, hypotension, hypoglycaemia, 
disseminated intravascular coagulation and increased vascular 
permeability. Recent evidence suggests that the cytokines 
tumour necrosis factor (TNF) and interleukin (IL) types 1 and 
6 play a pivotal role in mediating this aberrant host response 
to major trauma and infection. 





* Mononuclear phagocyte refers to all cells of the mononuclear phagocyte 
lineage, including monocytes, Kupffer cells and peritoneal, pulmonary 
and other macrophages 
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Although cytokines are a diverse group of proteins, they 
share a number of characteristic properties {Table 1). They can 
be loosely divided into three groups: (1) the monokines (e.g. 
TNF-o, IL-1), which are produced predominantly by 
mononuclear phagocytes; (2) the lymphokines (e.g. IL-2, 
interferon (IFN) y), which are produced mainly by lymphocytes; 
and (3) the colony-stimulating factors (e.g. granulocyte— 
macrophage colony-stimulating factor; GM-CSF), which are 
produced by both lymphocytes and mononuclear phagocytes. 
This paper examines the function of the inflammatory cytokines 
TNF-a, IL-1 and IL-6, which are produced predominantly by 
mononuclear phagocytes in response to tissue injury and 
infection, and reviews recent developments that attempt to limit 
the consequences of excessive release in these conditions. 


Tumour necrosis factor (cachectin) 


This cytokine received its dual title following the independent 
discovery of its ability to cause cachexia and hypertri- 


Table 1 Characteristic features of all cytokines 


Protein hormones active at very low concentrations (<107'! mol/}) 

Produced during the effector stages of natural and specific immunity 

Like other polypeptide hormones, they initiate action by binding to 
specific receptors on the surface of target cells, where cell division is 
often regulated (i.e. function as growth factors) 

Produced by a diverse range of cells, at multiple sites and often have 
overlapping actions . 

Act on a wide range of different cells and often influence the synthesis 
of other cytokines 

Serve to mediate and regulate immune and inflammatory responses 
and have important autocrine, paracrine and endocrine actions 

Invoke mostly slow cellular responses involving new protein synthesis 
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glyceridaemia in experimental animals':?, and necrosis of 
transplantable tumours’. Although the term ‘tumour necrosis 
factor’ was originally coined by Carswell et al.’ in 1975, it is 
likely that the New York surgeon William Coley described the 
same agent in 1893. He reported the presence of a toxin in 
inoculations of erysipelas that induced necrosis of malignant 
tumours*. Subsequent experiments revealed that the bacterial 
cell wall product lipopolysaccharide (LPS) induced a 
haemorrhagic necrosis of subcutaneous tumours*"® by stimu- 
lating the release of the endogenous mediator TNF. 

TNF is a 157 amino acid polypeptide, derived from a 233 
amino acid prohormone through a series of proteolytic 
cleavages’. The cytokine interacts with a specific receptor that 
is present on a wide variety of cells®-!°, and can achieve a 
biological response with as little as 5 per cent occupancy of its 
receptors!°. It mediates many of its diverse effects through 
cell-cell interactions (paracrine function) via a bioactive 
cell-associated intermediate species!!. Although produced by 
many different cell types, the major cellular source of TNF is 
the activated mononuclear phagocyte!?~'*. 

The chief physiological stimulus for the release of TNF is 
LPS (endotoxin)'>. Other stimuli include bacterial exotoxins, 
viruses, protozoans and fungi'®-*”. Intravenous administration 
of LPS to volunteers!®° is followed by an early monophasic 
rise in serum TNF levels. Peak levels occur after 90—120 min 
and return to baseline within 6 h. The local concentration of 
TNF may, however, be several times higher in regional 
infections*®. Any brief exposure to TNF induces a cascade of 
secondary reactions that continue to have an effect long after 
its disappearance from the serum. It is likely that many of these 
secondary actions are related to the release of IL-1, with which 
TNF has many synergistic actions?!~?*. 


Functions of tumour necrosis factor 


Leucocytes and mononuclear phagocytes 

From a teleological perspective, TNF may be seen as an 
inflammatory cytokine that acts rapidly to induce an 
appropriate response to tissue injury and infection. In keeping 
with this concept, it induces a leucocytosis and stimulates 
enhanced activation, margination and _ transendothelial 
migration of neutrophils?*~?®, leading to improved antibody- 
dependent cellular cytotoxicity and neutrophil-mediated 
inhibition of fungal growth?’. It also enhances the maturation 
and activation of monocytes and macrophages*®*!, thus 
further stimulating its own release?? and promoting the 
inhibition of intracellular replication of viruses and parasites*?. 


Metabolic function 

TNF plays a vital role in mobilizing body stores of energy that 
are necessary to fight infection and fuel healing in the patient 
with trauma. Although TNF has wide-ranging actions on 
protein and fat metabolism, when viewed together its overall 
effect is to stimulate a redistribution of proteins and fats from 
the periphery to the liver during injury**. It promotes the release 
of amino acids from peripheral proteins? and causes 
degradation of skeletal muscle*®. Chronic administration 
therefore leads to significant peripheral wasting*+>’. In 
addition, TNF stimulates the release of triglycerides from 
adipose tissue!:?:38 and inhibits synthesis of fatty acids’:>°. It 
also induces anaerobic glycolysis by increasing cellular 
transport of glucose, depletion of glycogen and increased efflux 
of lactate*°, These actions suggest that it may play a role in 
the rapid development of lactic acidosis-following septic shock. 
Despite its catabolic actions on peripheral protein and fat 
metabolism, TNF has selective anabolic effects in the liver, 
where it stimulates hepatic uptake of amino acids and hepatic 
lipogenesis, fuelling increased synthesis of acute-phase proteins 
but preserving hepatic mass despite peripheral wasting? 435-4142, 


Central effects 
INF acts as an endogenous pyrogen by stimulating hypo- 


thalamic synthesis of prostaglandins*?. The fever produced is 
biphasic, with the second peak caused by TNF-induced release 
of IL-1. Induction of a fever may be seen as an immuno- 
enhancing action in the mobilization of host defence 
mechanisms**. 


Coagulation and wound healing 


TNF also displays a marked procoagulant action on endothelial 
surfaces, leading to microthrombosis, which appears to be the 
basis for its antitumour action**~+*7. Intravenous infusion of 
TNF in human volunteers induces a rapid and sustained 
activation of the common pathway of the coagulation system, 
probably through activation of the extrinsic route*®. It also 
induces fibroblast proliferation*®, microvascular proliferation®® 
and stimulates the release of collagenase*!, actions that are 
essential for the organization and maturation of healing 
wounds. 


Tumour necrosis factor in disease states 

The importance of TNF in mobilizing the acute inflammatory 
response is reflected in studies that have reported increased 
mononuclear phagocyte production following major traumatic, 
surgical and thermal injury5?-5*. In addition, several studies 
have reported that 40-80 per cent of patients with sepsis have 
detectable levels of immunoreactive serum TNF**~*”. Increased 
synthesis of this cytokine thus appears to represent a common 
pathway in the host response to severe tissue injury and 
infection. Rather than indicating an effective host response, 
however, increased production in these conditions is commonly 
associated with a poor prognosis**~*8, 


Interleukin 1 


IL-1 was known by a number of names until amino acid 
sequencing revealed a closely related family of polypeptide 
hormones to be responsible for all these actions (Table 2). 
Whereas IL-1« and IL-1 are the product of two separate genes 
and display only 30 per cent amino acid identity, they bind 
with equal affinity to the same receptor®’. IL-1a is synthesized 
initially as a high molecular weight (33-kDa) bioactive 
precursor. This is degraded to a 17-kDa membrane form®° that 
can modulate local cell function®! even in the absence of soluble 
IL-1. The majority of synthesized IL-1 is retained intracellularly 
as only 20 per cent is degraded and released in its active 17-kDa 
form®*. Non-specific proteases that effect this change are 
present in high concentrations in blood clots as well as in 
traumatized and infected tissues. 

The activated mononuclear phagocyte is the major source 
of IL-1, although endothelial cells, keratinocytes, neutrophils 
and B lymphocytes are also capable of producing this 
cytokine®*. Although LPS is the major physiological stimulus, 
other agents including silica, TNF and IL-1 itself can also 
induce its synthesis®*°*. IL-1a has not been detected in serum 
and IL-1f only inconsistently in the serum of patients with 
sepsis, further supporting the evidence that suggests that this 
cytokine mediates many of its actions through a membrane- 
bound form. LPS infusion in volunteers is occasionally followed 
by an IL-18 peak at 180 min, although this is consistently 
detected after induction of a lethal Gram-negative septicaemia 
in primates+®™66, 


Table 2 Names of factors by which interleukin 1 was known before 
amino acid sequencing revealed them to be identical 


Lymphocyte-activating factor 
Endogenous or leucocytic pyrogen 
Leucocyte endogenous mediator 
Osteoclast-activating factor 

B cell-stimulatory factor 
Catabolin 

Haemopoietin 1 
Proteolysis-inducing factor 
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Functions of interleukin 1 


Immunity 

In comparison with TNF, IL-1 has more global inflammatory 
and immunoenhancing functions. Its actions include powerful 
costimulation of T cells resulting in T cell blastogenesis, 
enhanced IL-2 synthesis and expression of IL-2 receptors®”®*. 
It also augments production of IFN-« and cytotoxic T 


lymphocytes®?. 


Myelopoiesis and leucocyte function 

IL-1 has potent actions on myelopoiesis, both directly and by 
inducing production of several myelopoietic growth factors, 
including GM-CSF”®, Stimulation of marrow precursors also 
accounts for its ability to protect against lethal infection in 
normal and neutropenic animals’!:’?. Local release of IL-1 
stimulates an influx of granulocytes into sites of acute 
inflammation?!:*7 by increasing margination and migration of 
activated leucocytes into inflammatory loci’*. It also acts 
locally to stimulate the proliferation of fibroblasts and vascular 
smooth muscle cells’*7*. Although these actions are beneficial 
in the localization of infection, excessive IL-1- and TNF- 
. mediated margination of activated neutrophils may lead to 
pulmonary inflammation and congestion’®. 


Central and endocrine function 

As with TNF, IL-1 is an endogenous pyrogen, raising 
temperature by inducing release of prostaglandins in the 
anterior hypothalamus’’. It has several other central actions 
including the development of anorexia’® and increases the 
frequency and duration of slow-wave sleep comparable to the 
changes seen during illness’®. IL-1 acts on the neuroendocrine 
axis, stimulating the release of adrenocorticotrophic hormone, 
thyroid-stimulating hormone and somatostatin®®*?, It directly 
stimulates the release of adrenal corticosteroids®? and 
pancreatic release of insulin and glucagon**. 


Synergism with tumour necrosis factor 

TNF and IL-1 display many similar actions and not only 
stimulate their own release, but also the release of each other, 
thus amplifying the cascade of inflammatory mediators after 
injury>?-+3-85.86 Jr is not, therefore, surprising that these 
cytokines display synergistic actions on cells from many tissues, 
including the pituitary gland, bone, endothelium, pancreas and 
skin fibroblasts®>. IL-1 and TNF also display similar actions 
on neutrophil adherence and activation?>-8’, and inflammatory 
reactions*’. They both stimulate the release of hepatic 
acute-phase proteins, although TNF has more potent actions 
on peripheral amino acid and fat metabolism>+:3*-42,88, 
Combined infusion of TNF and IL-1 produces haemodynamic 
instability and metabolic effects at concentrations that have 
only minimal effects when infused separately??:?4:89, As with 
TNF, IL-1 also promotes the development of disseminated 
intravascular coagulation, although by a different action, as it 
* reduces heparin sulphate binding**°°. 


Interleukin I in disease states 


IL-1 has also been detected in the serum of children with septic 
purpura®!, Kawasaki’s syndrome®? and rheumatoid arthritis?>, 
and is found in the synovial fluid of inflamed joints®*. Along 
with TNF, IL-1 has been implicated in the pathogenesis of 
cancer cachexia?*, although it is likely that weight loss in 
malignant disease is secondary to a combination of factors. 
Production of IL-1 is significantly increased following surgical 
trauma, thermal injury and haemorrhagic shock®*°°. This 
cytokine is also detected in the serum of patients with severe 
sepsis'?>°. 


Interleukin 6 


In common with both TNF and IL-1, IL-6 was isolated 
independently for a number of different biological properties, 
including IFN-B,, hepatocyte-stimulating factor and B cell 
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differentiation factor BSF-2!°°-'°!, It is secreted by fibroblasts, 
monocytes and macrophages, as a range of differentially 
modified phosphoglycoproteins'!®?. In vitro synthesis is 
stimulated by a number of cytokines including TNF, IL-1 and 
platelet-derived growth factor, and in response to viral and 
bacterial infection!°>. It is rapidly released into the circulation 
in response to injury and is detected in the circulation of 
volunteers within 1 h of injection of LPS!°*. As with all other 
cytokines, IL-6 exerts its effects by binding to a specific receptor, 
which has recently been cloned!°5, 


Functions 

In vitro studies using this family of glycoproteins have revealed 
a range of actions that often overlap and are complementary 
to those of TNF and IL-1. IL-6 enhances immune function by 
inducing an antiviral state in fibroblasts, stimulates differenti- 
ation of lymphocytes and induces proliferation and antibody 
production in B cells!°%!°7. In common with both IL-1 and 
TNF, IL-6 induces the synthesis and release of a number of 
hepatic acute-phase proteins including C-reactive protein, 
serum amyloid A, fibrinogen and «,-antitrypsin'®*, and plays 
an important part in the reprioritization of synthesis of hepatic 
proteins after many forms of tissue injury and infection'®®. IL-6 
is released into the systemic circulation following tissue trauma 
and infection, where levels appear to correlate with subsequent 
death!09-111_ 


Cytokines and the sepsis syndrome 


Despite the introduction of broad-spectrum antibiotics, 
infection remains an important cause of hospital morbidity, 
where five of every 1000 admissions are complicated by bacterial 
sepsis leading to shock. Sepsis is one of the most important 
causes of multiple system organ failure, which.accounts for 
70000 deaths in the USA each year'!?, Infection is also an 
important cause of mortality in the severely traumatized 
patient and is responsible for 50-70 per cent of all burn-related 
deaths!1!3:114, 


Tumour necrosis factor 


It has long been recognized that many of the deleterious 
consequences of Gram-negative sepsis are caused by bacterial 
endotoxin (LPS). Recent evidence suggests that LPS mediates 
its toxic effects through stimulation of cells of the mononuclear 
phagocyte lineage’!*-!'®, Of the dozens of mediators released 
by these cells, TNF, IL-! and to a lesser extent IL-6 appear to 
play a pivotal role in mediating the acute effects of 
Gram-negative sepsis and shock. Beutler et al. initially reported 
that endotoxin-resistant C3H/HeJ mice did not produce TNF 
in response to bacterial challenge'*. Further studies confirmed 
the importance of this cytokine in mediating the immediate 
clinical consequences of LPS challenge'*. Subsequent studies 
revealed that infusion of high concentrations of TNF in rats 
produced lactic acidosis, hypotension and death. Post-mortem 
examination of these animals revealed adrenal necrosis, 
pulmonary congestion, caecal necrosis, intestinal ischaemia, 
pancreatic infarction, pulmonary inflammation and anuria! 171:8, 
Similar findings were reported in dogs, which also displayed a 
reduction in cardiovascular output and hypotension before 
death''®. Administration of TNF was also associated with a 
rise in counter-regulatory hormones (including glucagon, 
cortisol and adrenaline), lactate, depression of the resting 
membrane potential in muscle and sequestration of fluid. In 
these animals, the changes were indistinguishable from those 
induced by direct infusion of LPS!!%-!?°, Further work revealed 
that passive immunization with both polyclonal and mono- 
clonal antibodies directed against the TNF molecule protected 
against the lethal effects of LPS infusion in murine and primate 
models of septic shock!?!+!??, 

This experimental evidence, which strongly suggests a 
critical role for TNF in the pathogenesis of the sepsis syndrome, 
was subsequently confirmed in several clinical studies that 
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revealed a high positive correlation between serum levels of 
TNF and both severity of illness and mortality in septic 
shock!®5®57, Calandra et al. reported a progressive decline in 
TNF levels in survivors of septic shock, whereas TNF levels 
remained persistently raised after initial diagnosis and 
treatment in non-survivors*®, Marks et al.55 also reported a 
close correlation between the detection of TNF in the serum 
of patients suffering from shock (septic and non-septic) and 
the risk of developing adult respiratory distress syndrome 
(55 versus 26 per cent), or subsequent mortality (81 versus 
43 per cent), while Offner et al. reported a significant correlation 
between the APACHE H score and TNF levels in patients with 
. sepsis”. Although increased synthesis of TNF may simply 
reflect the severity of the injury or infection, Takayama et al. 
noted significantly increased synthesis of this cytokine for up 
to 3 days before the onset of clinical infection*’, suggesting a 
causative role in the evolution of septic episodes. These data 
further reinforce experimental evidence which suggests that, 
rather than improving the host immune response, excessive 
production of TNF predisposes to the development of sepsis 
and in combination with other mediators is responsible for the 
clinical syndrome of septic shock. 


Interleukin 1 


As with TNF, IL-1 has also been implicated as an important 
mediator of septic shock, Although infusion of IL-1 alone 
induces leucopenia, tachycardia and hypotension, the cytokine 
acts synergistically with TNF to Produce tissue damage and 
death in experimental models?*-?*. In contrast to the proven 
prognostic value of raised serum TNF levels in patients with 
sepsis, the detection of serum IL-1 appears to be of variable 
significance. Serum IL-1 concentration is commonly raised in 
non-survivors of septic shock, although the difference does not 
persist beyond the first day after diagnosis and treatment*®. 
Cannon et al. also reported raised serum IL-1 levels in patients 
with sepsis compared with healthy controls!’ and Waage et al. 
noted that the presence of IL-1 in the serum of patients with 
sepsis was associated with a poorer prognosis*®. Luger et al., 
however, found that patients with fatal sepsis had significantly 
lower serum IL-1 activity!?°. 


Interleukin 6 


Experimental LPS infusion in human volunteers and lethal 
Gram-negative septicaemia in primates also induce the release 
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of IL-6 into the circulation®®!2*!25, IL-6 levels correlate 
positively with mortality rates in patients with sepsis*®11! and 
recent experimental evidence implicates this cytokine as an 
important comediator in lethal Escherichia coli infection!?°. 


Immunomodulation 


As previously outlined, a large body of evidence suggests that 
the bacterial cell wall product LPS (endotoxin) induces the 
clinical syndrome of septic shock by stimulating the mono- 
nuclear phagocyte to release a range of cellular products. In 
this regard, excessive release of TNF, IL-1 and possibly IL-6 
appears to play a pivotal role in mediating this aberrant host 
response to Gram-negative infection. Attempts to modulate this 
detrimental response have led to the development of therapies 
designed either to neutralize endotoxin directly, to inhibit 
cytokine release from cells or to protect against the 
consequences of excessive cytokine release by directly blocking 
the action of these endogenous mediators (Figure 1). 


Lipopolysaccharide 

Several studies have attempted to reduce endotoxaemia using 
polymyxin B, a polysaccharide antibiotic that also has a 
significant antiendotoxin effect. This drug improves survival in 
experimental animal models of burn sepsis‘?” and in clinical 
trials has been shown to reduce significantly endotoxaemia after 
thermal injury'?®. Although the results of these early studies 
are encouraging, the potential toxicity of the antibiotic after 
parenteral administration may limit its clinical potential. 

More intensive study has focused on the development of 
antibodies designed to block the active portion of the LPS 
molecule. Endotoxin consists of three distinct antigenic regions: 
the polysaccharide side chain (O), the core (R) and a lipid 
moiety (A). The O antigen varies between organisms and has 
not therefore proved useful in the development of an antigen 
active against different Gram-negative pathogens. 

One of the earliest clinical reports on the use of anti- 
endotoxin antibodies was published by Ziegler et al.!?° in 1982. 
Using a polyclonal human antibody raised against the R and 
O antigens of a mutant strain of E. coli (J5), they reported a 
reduction in mortality rate (39 versus 22 per cent) in a controlled 
clinical trial of patients with Gram-negative bacteraemia from 
focal Gram-negative infection. The antibody also significantly 
reduced death from Gram-negative sepsis when used 
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Figure 1 Diagrammatic representation of therapeutic strategies designed to downregulate macrophage activation. TNF, tumour necrosis factor; IL, 
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prophylactically in high-risk patients!*°. Its widespread use was 
not, however, feasible because of the need for repeated 
inoculation of human donors and the risk of disease 
transmission to recipients. More recently, monoclonal immuno- 
globulin M (IgM) antibodies directed against the lipid A moiety 
(HA-1A) have become commercially available. In a large 
multicentre clinical trial, the HA-1A antibody significantly 
reduced deaths in patients with Gram-negative bacteraemia 
(49 versus 30 per cent) and in those with Gram-negative shock 
(57 versus 33 per cent)!?!., Although these results appear 
encouraging, it must be borne in mind that it is not usually 
possible to define which patient population will have positive 
Gram-negative blood cultures at the time of administration of 
the antibody (this was the only group to benefit from therapy). 
Treatment did not have any deleterious or beneficial effect when 
given to patients with shock or sepsis who did not have 
Gram-negative bacteraemia. If given to all patients with sepsis 
at presentation without waiting for the results of blood culture, 
survival would be expected to increase only from 39 to 
43 per cent!>!. In a second trial using a murine IgM antibody 
directed against the lipid A moiety of the J5 mutant E. coli 
strain, Greenman et al. reported a significant reduction in 
deaths (30 versus 43 per cent) when the ES antibody was used 
in non-shocked patients with Gram-negative septicaemia'>?. 
In contrast to the HA-1A antibody, it did not significantly 
improve survival in patients suffering from Gram-negative 
shock. Overall the antibody did not significantly improve 
survival compared with controls, even though the trial was 
‘confined to those in whom Gram-negative sepsis was suspected. 
It therefore appears that antiendotoxin therapy is indicated in 
patients only when there is a strong clinical suspicion of 
Gram-negative septicaemia. Approximately 30 per cent of 
patients treated under these criteria will still turn out not to 
have positive blood cultures for a Gram-negative organism. 
The efficacy of delaying therapy until the results of blood culture 
become available is not known, although experimental evidence 
suggests that early intervention is required if therapy is to have 
its desired effect. 


Tumour necrosis factor and interleukins I and 6 

Although the results of clinical trials using antiendotoxin 
therapy are encouraging, these antibodies are limited in their 
usefulness to patients with Gram-negative sepsis. Recent work 
has focused on the development of regimens designed to 
downregulate the host response to excessive TNF, IL-1 and 
IL-6 release that commonly occurs after major thermal and 
traumatic injury, and during infection caused by organisms 
other than Gram-negative bacteria. 

These cytokines may be blocked by pretreatment with 
specific neutralizing antibodies. Initial studies using anti-TNF 
antibodies suggested that they protect mice and rabbits against 
the lethal effects of both LPS and live Gram-negative 
bacteria'?*-'23, Further studies using primate models of septic 
shock have confirmed the ability of monoclonal anti-TNF 
antibody to improve survival not only when given before, but 
also up to 30min after commencing a lethal infusion of 
Gram-negative bacteria!?!:'39-154, These neutralizing anti- 
bodies also protect against the metabolic consequences of septic 
shock and prevent the release of IL-1 and IL-6 in primate 
models of bacteraemia‘?!-!?°. To date, there are no reports on 
the use of anti-TNF therapy in controlled clinical trials, 


although a small phase I clinical trial using murine anti-TNF. 


antibodies in severe sepsis noted that treatment conferred a 
beneficial effect on haemodynamic stability'**. The results of 
ongoing large-scale clinical trials are awaited. 

Other agents that specifically inhibit TNF release from the 
mononuclear phagocyte population include the xanthine 
derivative pentoxifylline. Pretreatment with this drug has been 
shown to improve survival in murine models of endotoxic 
shock!3°, although it is unclear whether it will have a useful 
role in clinical practice. 

Although much attention has focused on the role of TNF 
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in mediating the deleterious effects of septic shock, recent 
evidence suggests that this cytokine may act in part by 
stimulating the release of IL-1, with which it synergizes to 
increase the haemodynamic instability and lethality of LPS 
infusion?*?*, As a consequence, investigators have developed 
antibodies designed to block the action of IL-1. This has been 
achieved using the IL-1 receptor antagonist molecule. This 
naturally occurring protein has a remarkably similar amino 
acid sequence to both IL-la and IL-1f'>’. Although it binds 
selectively to the IL-1 receptor, it displays no agonist action 
and is capable of blocking IL-1 in vitro and in vivo'>®, It is 
produced in increased quantities in septic and inflammatory 
conditions and appears to limit the severity of these by 
antagonizing the action of endogenous IL-1. A recombinant 
human IL-1 receptor antagonist has been synthesized and 
blocks the hypotension and leucopenia that follow intravenous 
injection of IL-1 8. The receptor antagonist dramatically reduces 
the lethality of LPS and staphylococcal-induced shock in 
experimental animals, even when given up to 2h after LPS 
infusion!3%14°, Preliminary results'*! from a small clinical trial 
using the IL-1 receptor antagonist in sepsis suggest that it 
improves survival in a dose-dependent fashion, reducing the 
mortality rate from 44 per cent in a placebo group to 16 per cent 
in a group that received a dose of 133 mg/h for 72 h. The results 
of larger clinical trials are eagerly awaited. 

In contrast to TNF and IL-1, which appear to act singly 
and synergistically to effect hypotension and death, IL-6 does 
not produce tissue damage or haemodynamic instability when 
administered in vivo. Despite this apparent lack of toxicity, at 
least one study has reported that anti-IL-6 monoclonal 
antibodies protect against lethal Æ. coli infection and lethal 
TNF challenge in mice'*®, suggesting that it too acts as a 
comediator in Gram-negative sepsis. It is not, however, clear 
whether anti-IL-6 therapy will have a role in clinical practice. 


Potential pitfalls of therapy 


Although many of these therapeutic regimens have shown 
impressive results in experimental trials, the benefits of therapy 
must be weighed against the potential side-effects. In many of 
the experimental animal studies that have reported on the 
beneficial effects of antiendotoxin, anti-TNF and IL-1 receptor 
antagonist therapy, treatment was instituted immediately 
before or, at most, within 2h of challenge with a single dose 
of LPS. In these studies the timing of therapy was critical; it 
did not appear to be of benefit if given after the full syndrome 
of septic shock had developed. The clinical syndrome of septic 
shock is rarely the result of release of a single massive dose of 
bacterial endotoxin. Patients with sepsis more commonly have 
a continuing focus of infection from which endotoxin and 
bacteria are released intermittently. Concerns over the 
therapeutic efficacy of antiendotoxin and IL-1 receptor 
antagonist antibodies in these patients have not however 
materialized, as clinical trials have shown therapy to be of 
benefit even after the onset of septic shock!3!'33!41_ In 
particular, antiendotoxin therapy in these patients is likely to 
act by protecting against the effect of subsequent episodes of 
endotoxaemia and bacteraemia, rather than directly influencing 
the condition of the patient at the time of administration of the 
antibody. 

In contrast, the clinical role of anti-TNF therapy in the 
presence of a continuing septic focus remains unclear. TNF 
production during infection mobilizes immune function by 
increasing IL-! production, inducing leucocytosis and fever, 
and by stimulating enhanced elimination of pathogens*>-*?. 
Pretreatment with TNF improves survival in models of regional 
or slowly developing sepsis such as peritonitis'*?. This cytokine 
therefore appears to be necessary for the early localization of 
regional infections. The value of anti-TNF therapy in persisting 
or indolent infections that more closely resemble septic states 
in clinical practice has not been fully assessed. Concerns over 
anti-TNF therapy have been realized in at least one study, 
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which reported a higher mortality rate following the 
administration of anti-TNF antibodies in an experimental 
model of bacterial peritonitis‘'**. 


Conclusions 


Activation of mononuclear phagocyte cells, with concomitant 
release of a range of inflammatory mediators, is an integral 
part of the host response to trauma and infection. Of these 
mediators, the cytokines TNF, IL-1 and IL-6 play a pivotal 
role in initiating the host response by helping to induce an 
acute inflammatory response, stimulating immune function and 
initiating processes necessary for tissue repair and regeneration. 
Major trauma and sepsis may, however, lead to widespread 
overproduction of these cytokines and at detectable serum 
concentrations they have many deleterious actions on metabolic 
function and haemodynamic stability. New therapies designed 
to downregulate their synthesis in response to LPS, or to modify 
the host response to soluble cytokines through the use of 
blocking antibodies or receptor antagonists, hold much promise 
for the treatment of patients with trauma or sepsis. It is 
becoming increasingly apparent, however, that no single agent 
is responsible for all the clinical and metabolic manifestations 
of the sepsis syndrome. As efforts to regulate this aberrant host 
response become more refined, the efficacy of combined therapy 
is likely to become apparent. Careful evaluation of the benefits 
and possible complications of these therapies will be required 
before advocating their use outside controlled clinical trials. 
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Photodynamic therapy (PDT) is an anticancer technique that 
has been known for a century’ and which is increasingly applied 
in dermatology’, urology’, gastroenterology*, ophthalmology% 
and neurosurgery®. It consists initially of systemic injection of 
a photosensitizer, which is preferentially taken up in tissues 
of strong mitotic activity and pathological stroma’. Photo- 
sensitizers develop no spontaneous toxicity; they must be 
excited by photons to produce cytotoxic free radicals, such as 
singlet oxygen or superoxide radicals®. The efficiency, relative 
selectivity and good tolerance of PDT raise the possibility of 
its use during intra-abdominal procedures to complement 
curative surgery. The limiting factor of an extensive 
parenchymal resection is the presence of micrometastases in 
the areolar tissue and in the lymph nodes. In spite of large 
visceral resections, micrometastases frequently remain and are 
responsible for either locoregional or metastatic recurrence™! t, 

It is worthy of note that the excitation of the photosensitizer 
by an incident photon produces re-emission of a fluorescent 
photon, which can be used to localize the reaction. Detection 
of this fluorescence may be of use in demonstrating small 
tumour deposits. A technique enabling both the visualization 
of micrometastases and their destruction will represent a 
significant advance. PDT is likely to contribute in both of these 
areas. 

PDT is breaking new ground in oncological surgery. 
Nevertheless, it faces some difficulties in practical application. 
In particular, information is required about selective uptake of 
photosensitizer by malignant tissue, the appropriate conditions 
of exposure to the light beam and the tolerance of the normal 
surrounding organs. Although very few intra-abdominal 
pioneer studies have been conducted in humans, some 
theoretical and experimental data are now available to provide 
preliminary guidelines for the successful application of PDT 
for intra-abdominal use. 


Scientific background 


Concentration of photosensitizers in intra-abdominal organs 

Each type of photosensitizing molecule has its own pattern of 
distribution in tissues. Nevertheless, most photosensitizers 
show a particular affinity for the reticuloendothelial system, 
and so the liver and spleen concentrate these molecules strongly. 
Gomer'and Dougherty’? studied the tissue distribution pattern 
of haematoporphyrin derivative (HpD) labelled with carbon-14 
and tritium in the female DBA/2Ha~ DD mouse bearing a 
breast cancer. The tumour tissue retained the labelled HpD 
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selective destruction of neoplastic tissue, which has been used in the 
treatment of superficial or intraluminal lesions. The technique has now 
reached the stage where it can be considered in the peroperative 
management of gastrointestinal tumours, for example in an attempt to 
eradicate micrometastases in the tissue around the primary tumour or 
in residual lymph nodes after curative resection. Many practical 
problems remain to be solved, such as the pharmacokinetics of 
photosensitizers, the dosimetry of illumination and the sensitivity of 
intra-abdominal organs. An experimental and clinical evaluation is in 
progress to assess the feasibility of photodynamic therapy in surgical 


more than skin or muscle, but less than liver, kidney or spleen. 
The high hepatic and renal concentrations reflect the natural 
metabolism of porphyrin. Mang and Wieman?? also observed 
a high concentration of Photofrin II (Photomedica, Raritan, 
New Jersey, USA) in normal pancreas of DBA/2HaRos~ d* Ha 
mice. The clearance of tissues with relatively low affinity for 
HpD was fast (about 24—48 h) whereas for tissues with a strong 
affinity the concentration was still high at 72 h. 

Tralau et al.’* observed a concentration of aluminium 
sulphonated phthalocyanine (AlSPc) in the colon of the rat 
that was maximal between 1 and 3 h and progressively declined 
over 1 week. Aminolevulinic acid has recently been proposed 
to induce photosensitization by increasing the concentration of 
protoporphyrin IX in cells. The fluorescence in normal colonic 
tissue’* was at a peak at 4h with a rapid fall-off by 6h and a 
return to background levels at 24 h. 

In the pancreas of the Syrian golden hamsterit, the 
concentration of AlSPc reached a peak very rapidly after 
administration, declined over 48 h and rose again up to 1 week, 
finally falling to zero over 3 weeks. A high level of pheophorbide 
A in liver and spleen, falling logarithmically in 48 h, and a high 
concentration in the colon, peaking between 12 and 24h, has 
recently been observed!*. With pheophorbide A, concentration 
was less in the pancreas!” with a rapid decrease over 24h. 
Thus, pharmacokinetics of the available photosensitizers seem 
to be compatible with implementation of digestive tract PDT. 


Selectivity of photosensitizers for intra-abdominal tumours 


The selectivity ratio is used to express the relative concentration 
of photosensitizer in malignant as opposed to normal tissue. 
High ratios have been reported in different cancer models!®19. 
A ratio as high as 50:1 has been reported by Frigerio?’ in a 
brain tumour model. In cancers of the digestive tract, ratios 
seem not to be so high. 

Agrev et al.?! studied rats with dimethylhydrazine-induced 
colonic tumours and found a tumour:normal tissue concen- 
tration ratio of 1-8:1 at 72h after intraperitoneal injection of 
HpD. Tralau et al.’* reported a specificity ratio of 25:1 
24—72 h after intravenous injection of AISPc in tumours outside 
the central nervous system. Mang and Wieman?? found a ratio 
of 1-5:1 at 24h after intraperitoneal injection of HpD in an 
acinar pancreatic tumour and an identical ratio has been 
observed with pheophorbide A in the same tumour model!®. 
A protoporphyrin IX ratio of 6:1 between tumour and normal 
colonic mucosa has been reported in the rat with aminolevulinic 
acid photosensitization!>. 





0007-1323/93/030298-06 © 1993 Butterworth-Heinemann Ltd 


Intra-abdominal photodynamic therapy: S. Evrard et al. 


Table 1 Doses of photodynamic therapy associated with recovery of normal intra-abdominal organs 








Wavelength Delay for light Power or 
Reference Organ Species Sensitizer (nm) exposure (h) energy density 
Allardice et al.?3 Ureter Miniature piglet HpD (5 mg/kg) 410-600 48 50 J/cm? 
Allardice et al.?5 Miniature piglet HpD (5 mg/kg) 410-600 48 50 J/cm? 
Barr et al.?* Colon Rat AlSPc (5 mg/kg) 675 1 50 J/cm? 
Douglass et al.?5 Baboon HpD (5 mg/kg) 631 48-96 36 J/cm? 
Bown et al.*6 Rat AlSPc and HpD 675 and 630 A few minutes No tolerance 
Liver (S mg/kg) to 30 weeks 
Douglass et al.?4 Baboon HpD (5 mg/kg) 631 48-96 No tolerance 
Nuutinen et al.?7 Bile duct Hamster AIS,Pc (1 pmol/kg) 675 72 50 J 
Douglass et al.?5 Rabbit and baboon HpD (5 mg/kg) 631 48-96 <144 J/cm? 
Mang and Wieman!’ Pancreas Mouse and hamster HpD (40 mg/kg 630 24 270 J/cm? 
intraperitoneally ) 

Nuutinen et al.?7 Hamster AlS,Pc (1 mol/kg) 675 72 50 J 
Douglass et al.?5 } Somak { Baboon and rabbit HpD (5 mg/kg) 631 48-96 <144 J/cm? 
Nuutinen et al.?7 2 Hamster AIS,Pc (1 pmol/kg) 675 72 50 J 
Nuutinen et al.?7 Duodenum Hamster AIS,Pc (1 pmol/kg) 675 72 No tolerance 
Suzuki et al.2® Rat HpD (5 mg/kg) 628 48 100 J/cm? 
Nuutinen et al27 } Large vessels í Hamster AIS,Pc (5 umol/kg) 675 nN 50 J 


Values correspond to tested values that are not necessarily equivalent to the photodynamic threshold of damage. HpD, haematoporphyrin derivative; 
AISPc, aluminium sulphonated phthalocyanine; AlS,Pc, disulphonated aluminium phthalocyanine 


The theoretical requirement for PDT of a high tumour 
selectivity ratio is not supported by the observation of Fingar 
and Henderson??, who showed benefit in avoiding recurrence 
when a margin of normal tissue around the tumour was 
destroyed to eradicate peripheral neoplastic cells. Moreover, a 
high ratio of selectivity is relevant only if the concentrations in 
normal tissues allow healing without unacceptable damage to 
structure or function. The tolerance of normal tissues around 
the tumour has to be considered in the assessment of 
locoregional toxicity of PDT (Table 1). 


In vivo toxicity of photosensitizers 

The systemic toxicity of photosensitizers is very low, 
particularly in comparison with chemotherapy and radio- 
therapy. It is noteworthy that no clinical or experimental renal, 
cardiac, hepatic, pulmonary or metabolic adverse drug 
reactions have been reported?:?9-3°, Franco et al.) have noticed 
some in vitro immune response depression by HpD, as well as 
bone marrow cellular hyperplasia and splenic hypertrophy. 
PDT seems slightly mutagenic (ten times less than radio- 
therapy) under in vitro experimental conditions, which is 
unrelated to its mode of action in vive>?. The only important 
adverse effect of PDT was skin photosensitization. Skin does 
not concentrate photosensitizers strongly, but it retains them 
for a long time??. Although the mean duration of 
photosensitization is 12 weeks, true sunburns have been 
observed 9 months after Photofrin II injection**. At present, 
the only treatment for this complication is prevention, but 
extensive research is being conducted in photoprotection. 
Repeated exposure of photosensitizers to light doses below 
threshold levels causes their destruction without oxidative 
reactions (photobleaching)**. This type of photoprotection 
may be of interest, but the results must be confirmed. At the 
same time pharmacological studies of the effects of sulphur 
compounds (M. Rougee, R. V. Bensasson, E. T. Land and 
R. Pariente, presented at the Société Frangaise de Photo- 
biologie meeting, Paris, 1988), prostaglandins (T. Patrice, 
M. T. Foultier and V. Praloran, presented at the Société 
Frangaise de Photobiologie meeting, Paris 1988), anti- 
histamine??, cyano dyes*> and radioprotectors*® such as 
WR-2721 and WR-77913 are in progress. 

Locoregional toxicity is an important consideration in the 
feasibility of intra-abdominal PDT and has been the subject of 
experimental evaluation. Table 1 shows dose ranges that did 
not cause necrosis in various digestive organs submitted to 
-different PDT protocols. The precise threshold of irreversible 
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PDT damage is not known for each organ. Suzuki et al.?® have 
treated the aortic region of Wistar rats by argon—rhodamine 
laser illumination with increasing light energies. No tissue 
damage (inflammatory cell infiltrates, interstitial oedema of 
vessels, vascular thrombus) was found in the non-photosensitized 
group. No histological change was noted in nervous tissue or 
muscle in rats receiving photosensitization. In contrast, changes 
in the vascular endothelium were observed in irradiated zones. 
At 6 h after irradiation, vascular endothelium had disappeared 
from large vessels, maximal lesion being observed at 24 h. The 
damage was greater in the lower vena cava than in the aorta; 
the magnitude of the lesion correlated with the dose of 
irradiation. Endothelial regeneration began on the third day 
after irradiation and was complete by day 5, with restitution 
of the vessel wall. The precise energy threshold at which parietal 
regeneration is impossible, with subsequent necrosis and 
rupture of the vessel, remains to be determined. 

Barr et al.?* studied the photodynamic action of AlSPc 
excited at 675 nm by an argon laser in the normal rat colon. 
The first lesions were vascular. Between 12 and 24 h, mucosal 
necrosis with inflammatory cell infiltrate was observed; the 
muscular layer was oedematous. Beyond 48 h, all layers of the 
centre of the exposed area were necrotic, but necrosis was 
limited to the mucosal and serosal layers at the periphery. 
Others have shown that the submucosal collagen layer is 
resistant to PDT but vulnerable to thermal injury’. 
Conservation of the submucosal matrix allowed regeneration 
of the mucosa and muscular layer. Healing of thermal lesions 
was by fibrosis*’. Nevertheless, if necrotic lesions are 
circumferential, as would occur after treatment of the entire 
contents of the abdomen, it is possible that complications such 
as stricture may appear. However, Barr et al.>” carried out 
electron microscopic studies, which showed conservation of the 
three-dimensional architecture of the collagen network and 
preservation of the periodicity of collagen microfibrils after 
PDT, whereas the fibrillar structure was lost after thermal 
injury. The bursting strength of the colon was not lowered after 
PDT; this suggests preservation of the collagen structure of the 
bowel wall. After thermal injury the bursting strength was 
significantly lowered. 

That the liver is particularly sensitive to PDT has been 
shown by Douglass et al.?> in rabbits and baboons. Hepatocytes 
in the immediate vicinity of peripheral portal triads show a 
greater resistance to necrosis. The intensity of damage in normal 
rat liver has been described by Bown et al.?° with HpD as well 
as AlSPc. A highly pigmented organ such as the liver is hardly 
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penetrated by the light beam.: Necrosis of the hepatic 
parenchyma was obtained’* to a depth of 0-5—4 mm with HpD 
excited at 630 nm and 1:5-8 mm for AlSPc excited at 675 nm. 
Hepatic clearance of AISPc took considerably longer than that 
of HpD. This emphasizes the important variations in tissue 
affinity of different photosensitizers and highlights the need to 
tailor the photosensitizer to the target organ. Interestingly, 
oxygenation of the liver was essential for successful PDT; after 
vascular clamping, only hyperthermia could induce necrosis?°. 
This suggests that vascular clamping of adjacent organs may 
be a potential photoprotective measure for the surrounding 
normal tissues. 

In a preliminary paper, Douglass et al.?> found that normal 
rabbit and baboon pancreas was particularly resistant to HpD 
irradiated at 631 nm. Mang and Wieman’? have described the 
tolerance of normal Syrian golden hamster and mouse pancreas 
to dihaematoporphyrin ether (DHE) PDT. In spite of high 
concentrations of DHE similar to those observed in the 
reticuloendothelial system, the normal pancreas illuminated at 
630nm and 270 J/cm? showed no haemorrhage and no 
histological changes. This was confirmed by Schroder et al.°® 
with HpD and by Nuutinen and co-workers?’ with 
disulphonated aluminium phthalocyanine (AIS,Pc) in the same 
model. It has also been demonstrated? that normal pancreas 
did not develop pancreatitis in another model of acinar 
pancreatic carcinoma treated by pheophorbide A. 

The potential toxicity of intra-abdominal PDT demands a 
precise knowledge of photosensitizer pharmacokinetics in the 
target and surrounding organs and of the tissue penetration of 
the laser beam. Photoprotection can then be achieved on the 
basis of differential tissue clearance, vascular clamping, 
shielding of sensitive organs and specific protection of 
non-malignant cells such as that given to normal hepatocytes 
by indocyanine green (T. Patrice, M. T. Foultier and 
V. Praloran, presented at the Société Frangaise de Photobiologie 
meeting, Paris, 1988). 


Light penetration in tissues 

Penetration of target tissues by the irradiated light is another 
factor that limits the feasibility of intra-abdominal PDT. The 
behaviour of light through biological tissues is complex and is 
determined mainly by diffusion as predicted by mathematical 
models*°. Tissue is always a heterogeneous mixture of fat, 
muscle, vessels, lymphatics, mucosa and so forth. Penetration 
in highly pigmented tissue such as the liver does not exceed 
1-8 mm (depending on the photosensitizer used)?*:?°. The 
highest penetration of tissue in the visible spectrum is in the 
red and near-infra-red wavelengths. Barr et al.*! reported 
necrosis to a depth of 5:5 mm in rat colonic mucosa, whereas 
Dougherty*? estimated necrosis of 10 mm in interstitial PDT. 

Penetration of green light is two or three times weaker than 
that of red*?, but green light activates photosensitizers more 
strongly. Studies are currently under way to test the direct use 
of a copper vapour laser, which can produce a high energy 
level, allowing a short exposure time?’ +4. 

A neodymium yttrium—aluminium—garnet Q-switched laser 
has been used to excite the photosensitizer molecule at 1060 nm 
by a two-photon simultaneous absorption phenomenon 
(excitation mode independent of the absorption spectrum of the 
molecule) to increase tissue penetration of PDT**. The 
biological effect produced (production of singlet oxygen) was 
much lower than that obtained by monophotonic excitation 
using green or red light?9. 


Dosimetry 

As for every application of PDT, in situ light delivery poses a 
practical problem. In particular, two difficulties to be solved 
are the choice of a light-delivery system and estimation of the 
effective dose delivered to the target. Light-delivery systems 
should: reach the target tissues even where there is difficult 
anatomical access, for example in the pelvic cavity; deliver 
uniform and homogeneous light; induce cell toxicity at the 
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minimal energy level; and be of low cost and easy to maintain. 
Light can be delivered over a surface or ‘by interstitial, 
intracavitary or intraluminal application. 

Surface lighting is provided by a handpiece, which can be 
mobile or fixed. Lasers may be fitted with single- or 
multiple-strand quartz optical fibres, which are useful for 
application of PDT. The disadvantages of these systems include 
fibre—laser coupling*®, with an efficiency in light energy 
transmission of about 80 per cent, and a fall-off in light 
transmission along the bundle. To solve this problem, it is 
possible to use a microlens*” at the fibre tip or to have the 
laser beam enter the fibre at an angle**. Instead of a handpiece, 
it is possible to have a fixed diffuser crystal at the end of the 
fibre, which allows the lighting of a predetermined target 
volume. In oncological surgery, peroperative PDT by surface 
lighting may be used for the sterilization of the operative field 
after visceral resection, especially where there is involvement 
of the serosa and lymph nodes. 

Irradiation can be applied interstitially, but only in isotropic 
mode by the addition at the fibre tip of a small sphere of a 
very diffusive material such as polycarbonate, glass or 
microspheres. Simultaneous use of many fibres allows the 
treated volume and power delivered to be increased. 

Intracavitary lighting is possible with cylindrical applicators 
of diffusive material placed at the end of the fibre. Covers can 
be incorporated into the cylinder to protect certain zones of 
the cavity and increase the power into the target volume*®. In 
oncological surgery, cylindrical or hemicylindrical applicators 
may be considered in the treatment of the pelvic cavity after 
rectal resection, or of the mediastinum after oesophagectomy. 

Finally, intraluminal irradiation is possible. Several 
cylindrical applicators 2-3 mm in diameter and 1-3 cm‘in 
length may be introduced into intraparenchymatous ducts or 
vessels, lighting a volume of solid viscus*®. In oncological 
surgery, this technique may be utilized in portal veins or 
intrahepatic bile ducts to treat a volume of deep hepatic 
parenchyma. In conclusion, the choice of the device is indicated 
by the geometry of the target tissues and their translucency. 

Control of the target dose is another fundamental problem 
of PDT. The theoretical model of light behaviour is extremely 
complex, involving the absorption coefficient, the diffusion 
coefficient and the angle of dispersion of the light*®. Only 
absorbed energy produces a biological effect and the degree of 
tissue necrosis increases in proportion to the logarithm of the 
applied energy*®. A light beam crossing a tissue can be reflected, 
transmitted, scattered or absorbed. Light distribution through 
various tissues is dominated by diffusion. After penetration of 
only 1 mm of tissue, diffusion is almost isotropic*®. According 
to Wilson and Patterson*®, the optical properties of biological 
tissues are poorly understood. The depth of optical penetration 
depends on both tissue pigmentation and the wavelength of the 
light. Penetration of red light is two to three times greater than 
that of green. The dose delivered may be altered by either the 
power or the duration of irradiation. Power cannot be increased 
beyond the specification of the laser. Moreover, increasing 
power density would produce thermal effects, which might 
potentiate biological effects of PDT’! but are quite different 
from them. Duration of irradiation, especially if the field to be 
treated is large, may be limited by the need to complete the 
surgical procedure. The maximum acceptable time required to 
perform intraoperative irradiation varies: Allardice et al.?3 
required a maximum of 30min, whereas Sindelar and 
colleagues** reported that it could take as long as several hours. 


Intra-abdominal photodynamic therapy in practice 


Experimental data 

Very few experimental studies of intra-abdominal PDT have 

been published. The few reports do nevertheless allow a 

preliminary assessment of the diagnostic and therapeutic 
efficacy of the different available photosensitizers in relation to 

a given type of tumour. These investigations also permit an. 
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assessment of the efficiency of the light dose used and the extent 
of side-effects on normal tissues. 


Diagnosis. Mang et al.*?, using a fluorimeter, were able to 
detect very small quantities of photosensitizer present in lymph 
nodes. These lymph nodes were invaded by subclinical 
metastases of PA-III prostatic adenocarcinoma of Pollard rats. 
These results, if reproduced by others, would open up 
interesting opportunities in the field of peroperative detection 
of micrometastases. 


Therapy. Suzuki et al.?® studied the Walker tumour model 
transplanted into the periaortic retroperitoneum of Wistar rats. 
The protocol of 5 mg/kg HpD plus irradiation at 628 nm, at 
100 J/cm? for 80mW, was compared with treatment in a 
control group that was only irradiated. In the controls neither 
haemorrhage nor necrosis was observed in either the tumour 
site or the retroperitoneum. In rats receiving HpD there was 
extensive tumour necrosis and collapse of tumour vessels. Large 
vessels, nerves and tissues around the tumour remained intact. 
In the HpD group, survival was significantly longer (P < 0:05) 
than in the controls; one animal was apparently cured. 
According to Suzuki et al.?®, PDT seems to be particularly 
appropriate in the treatment of intra-abdominal tumours 
invading the retroperitoneum, particularly pancreatic cancer. 

Mang and Wieman'* have described the uptake and 
photobleaching kinetics of Photofrin II in an intraperitoneal 
model of azaserine-induced pancreatic tumour in Lewis rats 
and in pancreatic tumours induced in Syrian hamsters by 
2,2'-dioxodi-n-propylnitrosamine. In both of these models, 
in contrast to observations in normal pancreas, tumour 
fluorescence diminished during irradiation and tumours became 
haemorrhagic. In other words, Photofrin I was simultaneously 
consumed by photobleaching and by photo-oxidation leading 
to cellular necrosis. The absence of photobleaching and 
photo-oxidation in normal pancreas was interesting; if this is 
confirmed, it may not be necessary to achieve a high 
tumour:normal tissue ratio of photosensitzer, and the tissue 
could be irradiated with a maximal tumour concentration of 
photosensitizer. Using the same cellular model implanted into 
the pancreatic tail of adult Lewis rats and a different 
photosensitizer (pheophorbide A)’, a 66 per cent rate of 
complete remission 120 days after tumour implantation has 
been observed; all control animals were dead within 30 days. 
Because pancreatic cancer is likely to spread, not only in the 
retroperitoneum but also into the surrounding organs, the 
tolerance of these tissues to photodynamic protocols must be 
taken into account. In a study conducted in the Syrian golden 
hamster, Schroder et a/.*® and Nuutingen and colleagues?’ 
have shown that reversible damage occurred in the stomach 
and bile duct, but that the duodenum suffered necrotic damage 
leading to perforation after PDT with either DHE or AIS,Pc. 

Barr et al.?* attempted selective destruction of a colonic 
tumour induced in Wistar rats by dimethylhydrazine. With an 
AlSPc dose of 5 mg/kg, non-selective destruction of both 
malignant and normal tissues occurred over a radius of 0-5 cm 
despite a photosensitizer ratio of 2:1. With one-tenth the dose, 
selective necrosis of 2mm was achieved in tumour tissue. In 
normal tissues, AlSPc was photobleached before the threshold 
for PDT was reached. 

Tochner et al.53 treated malignant ascitis by PDT in female 
C3 HeB/FeJ mice after intraperitoneal injection of a malignant 
teratoma strain. This tumour develops intraperitoneally and 
induces ascites. Photofrin I 10mg/kg was given intra- 
peritoneally. A laser fibre introduced into the peritoneal cavity 
was used for irradiation 2h later at 514 nm, at 10 mW for 
16min. This treatment was repeated on alternate days. 
Remission occurred in all animals, with definitive cure in 
85 per cent. Three of the 20 mice died as a direct result of 
tumour spreading into the subcutaneous space along the track 
of the laser probe. There was no treatment-related bowel 
perforation. Even if experimental conditions are quite different 
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from those of human carcinomatosis, this work demonstrates 
an interesting preliminary approach. Cancer deposits over the 
peritoneum are thin, at least in the early stages of disease. 
Therefore peritoneal deposits could be an appropriate target 
for intra-abdominal PDT. 

The major criticism of all these murine models is their large 
difference of scale from human organs. Allardice et al.? recently 
reported a safety study for intraoperative PDT in the miniature 
piglet in which anatomical structures are of a similar size to 
those in humans. With a useful biological dose of PDT (HpD 
5 mg/kg irradiated 48 h later by 50 J halogen light between 410 
and 600 nm), no detrimental effects were observed on the 
healing of colonic and ureteric anastomoses. No ureteric 
stricture occurred. 


Clinical data 

To the authors’ knowledge there are only four reports 
of intra-abdominal PDT in humans. Three used peroperative 
PDT??-44-46 and one postoperative**, 


29,44,46,54 


Diagnosis. The diagnostic potential of PDT has been 
investigated. Although the fluorescence detection signal is 
limited by tissue autofluorescence**:5°, Herrera-Ornelas et al.?9 
found an excellent correlation between observed sites of 
fluorescence and the presence of tumour in biopsies of the same 
sites. Clearly, further studies of sensitivity and specificity are 
necessary to determine the diagnostic importance of PDT. 


Therapy. The first two studies were from the Roswell Park 
Memorial Institute at Buffalo, New York, USA. PDT was 
employed as adjuvant treatment after surgical debulking, but 
only at second-look surgery for recurrence. The first report?’ 
deals with the treatment of pelvic recurrence of colorectal 
cancer, the second*® with retroperitoneal recurrence of 
liposarcoma. 

The first report?® was intended to be a feasibility study. 
PDT was used as adjuvant treatment in curative resection as 
well as in the palliation of surgically irresectable colorectal 
cancer recurrence. Fourteen patients received peroperative 
PDT; some of them also underwent postoperative PDT for 
pelvic recurrence following dehiscence of the pelvic wound. 
Irradiation was by a kiton red laser pumped by an argon laser. 
This system provided 4 W at 630 nm delivered through a quartz 
fibre of 400 nm linked to a microlens to homogenize the output 
beam. Up to four fibres could be used simultaneously for 
interstitial irradiation. The photosensitizer used was Photofrin 
3 mg/kg, then Photofrin II 2 mg/kg. The power density was 
between 100 and 200 mW/cm?. The duration of irradiation was 
10-40 min, providing an irradiation dose of 100-400 J/cm?. 
Tumour residues >icm deep were irradiated interstitially; 
sensitive organs such as the liver and kidneys were protected 
by covers. No local or systemic complication was observed 
after intravenous administration of HpD or DHE. Some minor 
skin reactions were reported in patients who did not take the 
recommended precautions; one second-degree burn of the 
perianal skin around the field of irradiation was the only 
complication. Fluorescence with Wood’s rays was closely 
related to positive biopsies. Tumour sampling after PDT 
showed haemorrhagic necrosis. The results in terms of survival 
were poor, as expected in view of the patient selection. The 
practical advantage of PDT was that it did not produce any 
serious morbidity even in patients who had received 
radiotherapy. PDT was able to sterilize areas of microscopic 
tumour recurrence; furthermore, many patients experienced 
considerable relief of pelvic pain. 

A second feasibility study*® was performed by another 
surgical team in Buffalo. Retroperitoneal sarcomas were chosen 
because of their high recurrence rate in spite of apparently 
complete resection. Suzuki et al.?8 demonstrated low toxicity 
of PDT to neural tissue and muscle, which seems appropriate 
for retroperitoneal application. In a second-look study of ten 
patients with recurrence of sarcoma, Photofrin II was used at 


a dose of 2-5-5 mg/kg; illumination was by a kiton red laser 
emitting at 630 nm. A 400-nm quartz fibre with a microlens 
delivered an output of 3-4W. The power density was 
50-200 mW/cm? delivered for up to 20 min for a total light 
dose of 30—288 J/cm?. Salmon pink tumour fluorescence was 
detected by an ultraviolet lamp. Patients were followed with 
computed tomography every 3 months. One died after 
operation from infection and haemorrhage not related to PDT. 
Two late (beyond 4 weeks) serious skin photosensitization 
accidents occurred. Two patients underwent complete surgical 
resection followed by irradiation of the tumour bed and were 
in total remission at 24 and 28 months. Three patients had a 
new recurrence in the margins of the treated zone; all others 
developed distant metastases but no local recurrence. This 
paper confirms the excellent tolerance of PDT and the value 
of tumour fluorescence in achieving total en bloc resection. The 
principal difficulty of the technique is the irradiation of the 
surgical field with the light source. To move the light source 
away to increase the area irradiated leads to a decrease in the 
energy delivered per unit area proportional to the square of 
the distance. The dose may be restored by increasing the 
exposure time to its square?®. Multifibre lighting or plane 
geometry devices and more powerful laser sources are needed 
to reduce this time limitation. 

The third study is a case report from Colombus, Ohio, 
USA**. A 57-year-old woman underwent cholecystectomy in 
1985 and exploration revealed a common bile duct adeno- 
carcinoma. A T tube was first inserted, followed by a U tube 
coursing through the skin. Intraluminal PDT was performed 
seven times during 4 years using a cylinder diffuser tip at the 
end of a quartz fibre. A choledochoscope was used to carry the 
fibre through the U tube. DHE was used at 2 mg/kg, 48—96 h 
before illumination. The laser was a kiton red dye laser pumped 
by an argon laser. Between 200 and 400 J were delivered per 
centimetre of diffusing tip. The biological tolerance to both 
DHE and PDT was excellent. The patient survived for more 
than 4 years, at which time metastases had appeared in the 
pleura. 

The final published report, from the National Cancer 
Institute, Bethesda, Maryland, USA, was devoted to treatment 
of peritoneal carcinomatosis**. This phase I feasibility study 
was performed following experimental data showing cure by 
PDT in mice with peritoneal carcinomatosis**. Twenty-three 
patients with recurrent ovarian cancer and others with 
abdominal sarcomatosis or other type of cancer underwent 
surgical debulking of as much tumour as possible, leaving no 
neoplastic nodules of >5 mm. Two dye lasers emitting at 
630 nm were used in tandem, delivering 1-5-7-5 W. The 
maximum delivered light dose was 3 J/cm?, with a total energy 
delivered to each patient ranging from 2997 to 56460 J. DHE 
was used as photosensitizer. A dilute lipid emulsion was 
employed to cover peritoneal surfaces and improve the 
homogenicity of dose delivery. Two different systems of light 
delivery were used. A flat-cut 0:6-mm optical fibre emitting a 
circular beam was held at a fixed distance by an adjustable 
clamp. A special wand consisting of a cylindrical diffusing tube 
permitted irradiation of the pelvis and abdominal wall. All 
intra-abdominal peritoneal surfaces were treated, with 
monitoring of light delivery by photodiodes. The mean duration 
of the procedure was 85h. Five complications occurred 
following therapy: haemoperitoneum (one case), necrotizing 
pancreatitis (one), intestinal fistula (two) and urinoma (one). 
There was no postoperative death. It is difficult to determine 
the relative contribution of aggressive surgical debulking and 
PDT to these complications. Some reversible liver dysfunction 
and hypoalbuminaemia occurred after operation. Resolution 
of postoperative ileus and intra-abdominal fluid collection 
required up to 10 days. Of the 13 patients treated for ovarian 
cancer, 11 demonstrated progressive disease and two remained. 
free of recurrence, at 8 and 14 months. Of the eight patients 
treated for sarcomatosis, two had no evidence of disease 
progression, at 8 and 9 months. Two patients treated for 
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pseudomyxoma peritonei remained free of progressive disease, 
for 9 and 18 months. 


Conclusions 


The possibility of direct access to the malignant tumour makes 
the peroperative period a particularly opportune moment in 
the treatment of a patient with malignancy. The past decade 
has seen the development of therapeutic techniques such as 
peroperative irradiation and peroperative hyperthermic chemo- 
therapy*’, designed as treatment adjuvant with resection of the 
macroscopic tumour. From both theoretical and experimental 
points of view, PDT seems to be able to play a complementary 
diagnostic and therapeutic role during resectional surgery. 
Peroperative PDT competes with intraoperative radiotherapy, 
which is undergoing clinical evaluation®®. For the same 
therapeutic benefit, the advantages of PDT are numerous. 
Peroperative PDT has diagnostic properties, low morbidity, 
easier implementation and a much lower requirement for 
expensive equipment than radiotherapy. 

Clinical evaluation of peroperative PDT is just beginning. 
The main practical problems to be solved are the extrapolation 
into clinical practice of experience acquired with animal models, 
and the definition of precise photodynamic protocols for the 
treatment of micrometastases of different digestive tract 
tumours without adverse reactions. 
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Portal hypertension 


Bleeding from oesophageal varices is associated with a high 
mortality rate in patients with cirrhosis. In Child’s grades B 
and C the mortality rate of each bleeding episode can be as 
high as 40 and 70 per cent respectively. The risk of rebleeding 
can be lowered in such patients by portosystemic shunting. 
These patients may, however, be candidates for subsequent liver 
transplantation and the risk of this is considerably higher in 
those who have undergone previous abdominal surgery. An 
alternative ‘approach is to decrease portal pressure by 
transjugular intrahepatic portosystemic shunts using trans- 
luminally introduced stents. The jugular vein is cannulated and 
a guidewire introduced into the right or middle hepatic vein. 
‘Following transparenchymal advancement of the wire the 
portal vein is cannulated. The liver parenchyma is then dilated 
with a bougie until a stent can be introduced to connect the 
systemic and portal circulations. The diameter of the stent can 
be varied until the desired pressure gradient is achieved. 

At the time of the present report! this technique has been 
successfully used in 50 patients. Otto and associates now report 
the first two patients from their series in whom liver trans- 
plantation was performed subsequent to transjugular intra- 
hepatic portosystemic shunting. In both patients portal pressure 
was reduced, from 26 to 16 mmHg and from 27 to 15 mmHg, 
using 10-mm stents. Orthotopic liver transplantation was 
successfully performed after 2 and 3 months respectively. The 
authors compared initial experience with transjugular intra- 
hepatic portosystemic shunting to that in eight patients in 
whom liver transplantation was performed after a previous 
surgical portosystemic shunt. The operative procedure was 
considerably facilitated if portal pressure had been reduced by 
intrahepatic stent shunts compared with transplantation in 
patients with surgical shunts. 


Anorectal incontinence 


For successful treatment of anorectal incontinence a diligent 
diagnostic evaluation of the possible causes is essential. 
Athanasiadis? studied the value of electromyography of the 
anal sphincter muscle in 14 female patients with clinical signs 
of faecal incontinence-and compared the findings with those in 
14 healthy women. Significant differences were found between 
patients and controls regarding the duration of action 
potentials, average amplitude and the frequency of polarity 
reversals. With the help of computer-assisted analysis of 
electromyographic data, neurogenic and myogenic disturbances 
were distinguished and the functional integrity of the external 
anal sphincter and puborectalis muscle analysed. This technique 
should help to. define indications for surgical repair better and 
aid evaluation of the success of different surgical approaches. 


Peritonitis 

A group from Aachen? evaluated recent experience with the 
treatment of peritonitis. Between January 1986 and June 1990 
a total of 260 procedures were listed in association with 
peritonitis in a computer database. Some 183 operations were 
performed on 96 patients with diffuse peritonitis. The most 





Continuing our exchange with the German journal Der Chirurg, 
Professor Christian Herfarth and Dr Thomas Lehnert have selected 
from the last 3 months of 1992 for their resumé. 


frequent source of peritonitis was the colorectum, accounting 
for 30 per cent of all cases; the next most common lesions were 
of the small bowel, stomach and duodenum. Despite efforts to 
improve early diagnosis, in almost 20 per cent of patients 
(n = 17) the cause of diffuse peritonitis was appendicitis. Only 
two of these 17 patients developed diffuse peritonitis following 
appendicectomy (one each after laparoscopic and open 
operation). Treatment was based on clinical assessment of the 
severity of peritonitis. Low-grade peritonitis (n = 52) was 
treated by intraoperative lavage using 9-12 litres saline 
followed by drainage of all four abdominal quadrants. 
Moderate peritonitis (n = 23) was treated by continuous 
peritoneal lavage with various solutions according to the 
patient’s overall status. The average daily lavage volume was 
24 litres and the duration of the lavage 48 (range 24-216) h. 
Patients with severe diffuse peritonitis (n = 21) were treated 
by reoperation or open dorsoventral lavage. The overall 
mortality rate in the 96 patients was 32 per cent, with the 
highest mortality rate in those with liver and gallbladder (two 
of four) or the small bowel (11 of 23) as sources of diffuse 
peritonitis. The mortality rate for patients with postoperative 
peritonitis was 38 per cent (12 of 32). The aythors compared 
the results with a projected outcome using a classification based 
on the Mannheim peritonitis index. Patients treated by a 
standard regimen, continuous peritoneal lavage or treatment 
by open abdomen fared better than expected. The authors 
concluded that a staged surgical approach based on the severity 
of diffuse peritonitis has the potential to improve results of 
treatment. 


Pulmonary embolism 


Pulmonary embolism remains a life-threatening complication 
in the postoperative period. Schürmann and colleagues* from 
Munich retrospectively analysed the clinical course and 
outcome of patients with pulmonary embolism treated between 
1978 and 1986. A diagnosis of pulmonary embolism was 
confirmed by review of post-mortem results and/or findings at 
lung perfusion scintigraphy. A total of 296 patients were 
identified, 260 of whom were inpatients, representing an 
incidence of 0-55 per cent during the 9-year study period. Some 
93 pulmonary embolisms were diagnosed by lung perfusion 
scintigraphy; only 28 of 203 found on post-mortem examination 
had been diagnosed clinically. The authors classified embolism 
into three groups: involvement of no more than one segment; 
involvement of no more than one lobe; and involvement of 
more than one lobe. The majority of emboli were located in 
the lower segments of the lung and 26 patients had complete 
occlusion of pulmonary arteries. Interestingly, 20 per cent of 
patients diagnosed at post mortem were in the most severe 
category with involvement of at least one complete lobe of the 
lung compared with only 13 per cent of those diagnosed by 
perfusion scintigraphy. One reason for this may be that patients 
with extensive embolism were too ill to undergo scintigraphic 
studies. This is supported by the finding that all patients 
diagnosed by scintigraphy survived. Pulmonary embolism was 
considered a direct cause of death in 13 per cent of patients 
and in another 23 per cent was deemed to have contributed 
significantly to a fatal outcome. The highest incidence of 





0007-1323/93/030304-02 © 1993 Butterworth-Heinemann Ltd 


pulmonary embolism (1-5 per cent) was recorded in patients 
undergoing abdominal procedures for septic conditions. The 
next highest incidence was after vascular surgery (0-9 per cent); 
following trauma surgery the incidence was only 0-2 per cent. 
Aortic operations were associated with a particularly high risk 
of 2:1 and 4-8 per cent for procedures on the abdominal and 
thoracic aorta respectively. Embolism was diagnosed earlier in 
the postoperative period in patients undergoing vascular 
procedures than in the other groups. Venous thrombosis as a 
possible cause of pulmonary embolism was demonstrated in 
198 patients. In a large number venous thrombosis was present 
in the upper extremities alone (n = 61) or in combination with 
thrombotic lesions of the lower extremities (n = 41). In 46 
patients, post-mortem examination implicated central venous 
catheters as the leading cause of peripheral thrombus formation. 


Endoscopic surgery 


Fromont and Leroy*® from France reported thoracoscopic 
pulmonary lobectomy in a 40-year-old man with biopsy-proven 
adenocarcinoma of the middle lobe of the right lung. The patient 
was positioned as for posterolateral thoracotomy. Four 
cannulas’ were introduced: one of 10mm in the posterior 
axillary line of the seventh intercostal space for the camera, one 
of 10 mm in the mid-axillary line of the ninth intercostal space 
for clips, scissors, cautery, etc., one of 5 mm in the mid-axillary 
line of the fifth intercostal space for an atraumatic forceps and 
one of 5 mm in the anterior axillary line of the fourth intercostal 
space for another atraumatic forceps. Using double-lumen 
intubation the right lung was collapsed. Dissection started 
laterally along the planes of the interlobar space with a 
monopolar 35-W electrocautery hook. After isolation of the 
middle lobe artery this was divided using a 30-mm Endo-GIA 
stapler (US Surgical, Norwalk, Connecticut, USA). The 
bronchus was dissected free and divided with the Endo-GIA 
before dealing with the lobar vein. The lobe was removed 
through the extended incision in the seventh intercostal space 
made to introduce the camera. The postoperative course was 
uneventful and the patient was discharged on the sixth day. 
Histological examination revealed a well differentiated 
adenocarcinoma 6 cm in diameter. The thoracoscopic procedure 
reduced postoperative pain and hospital stay but its safety and 
efficacy will have to be evaluated. 

Hazards of laparoscopic procedures continue to be 
identified. Mastragelopulos and colleagues® from Karlsruhe 
reported the case of a 37-year-old woman with venous bleeding 
from the gallbladder bed following subtotal cholecystectomy 
for symptomatic gallbladder stones. An attempt was made to 
control venous bleeding using an argon-beam aser. After 
adjusting the instrument tip the argon laser was ignited 
automatically. A few seconds later a sudden drop in systolic 
blood pressure from 130 to 65 mmHg was recorded together 
with tachycardia. Oxygen saturation was reduced by 50 per cent 
and end-expiratory carbon dioxide dropped to 16 mmHg. The 
patient recovered rapidly following volume replacement and 
increase of inspired oxygen to 100 per cent. As bleeding 
continued, immediate laparotomy was performed. The right 
lobe of the liver showed livid discoloration which resolved 
within 1 min. In the gallbladder bed a 3-mm venous branch 
draining immediately into a large-calibre segmental vein was 
identified. When pressure was applied gas bubbles emptied from 
the vein. The vessel was oversewn and bleeding was controlled 
satisfactorily. The patient’s further course was uneventful and 
she was discharged on the seventh day after operation. The 
authors concluded that the episode was caused by argon gas 
embolization and urged caution in the use of argon-laser 
coagulation in laparoscopic surgery. 


Pulmonary failure 


Pulmonary failure in patients in surgical intensive care occurs 
in between 10 and 60 per cent, with an associated mortality 
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rate of 50-90 per cent. In patients with mechanical respiratory 
support, pulmonary atelectasis develops in the dorsal parts of 
the lung if the patients are positioned in a supine position. Walz 
and Muhr’ from Bochum reported experience with alternate 
prone and supine positioning of 16 patients requiring 
mechanical ventilation. The authors used the technique both 
in patients with isolated severe thoracic trauma and in those 
with multiple injuries. Patients were eligible if they developed 
adult respiratory distress syndrome. No definite criteria for 
alternate positioning were established but the technique was 
used when positive end-expiratory pressure and inversed-ratio 
ventilation were not successful in reducing the inspired oxygen 
fraction (Fi9,) to <0-4. A special bed allowing rotation of the 
patient in the vertical axis (Circ-O-lectric Bed; Stryker, 
Miilheim/Ruhr, Germany) was used. A self-constructed bed 
allowing rotation in the longitudinal axis has been developed 
and this allows safe rotation of patients with unstable spinal 
injuries. The authors emphasize that it is of utmost importance 
to ensure adequate bolstering of the patient’s head with 
individually tailored cushions. The report details 16 men with 
an average age of 41:3 years and impending or manifest 
pulmonary failure. All but one were trauma victims and eleven 
had severe blunt thoracic trauma. The average Injury Severity 
Score was 30 (range 15-50). Alternate positioning commenced 
at an average of 9-5 days after admission and continued for a 
mean of 15-4 (range 7-32) days. The average Fio, was 0:54 at 
the start of alternate positioning and was reduced by an average 
of 0:2 within the first 48h of treatment. Arterial oxygen 
saturation typically decreased during the first 30—60 min after 
prone positioning then rose and reached a plateau before falling 
again. This second decrease in oxygen saturation was used as 
an indicator to reverse the prone position and continue 
respiratory support in the supine position. The mean duration 
of prone positioning was 63 (range 4-5—20)h. Computed 
tomography was performed in six patients and revealed dorsal 
atelectasis in the supine position which completely resolved 
when prone without demonstration of corresponding ventral 
atelectasis. 

Eleven of the sixteen patients survived. The cause of death 
in five patients was severe sepsis, with myocardial failure in two 
and multiple organ failure in three. No patient died from 
isolated pulmonary failure. 


Ch. Herfarth 
Editor 
Th. Lehnert 
Assistant to the Editor 
Der Chirurg 
Chirurgische Universitatsklinik 
KirschnerstraBe 1 
6900 Heidelberg 
Germany 


References 


1. Otto G, Richter GM, Theilmann L et al. Liver transplantation 
following transjugular intrahepatic portosystemic stented shunt. 
Chirurg 1992; 63: 730-2. 

2. Athanasiadis S. Electromyographic findings in pelvic floor muscles 
of patients with anorectal incontinence. Chirurg 1992; 63: 822-6. 

3. Winkeltau G, Winkeltau GU, Klosterhalfen B, Niemann H, 
Treutner KH, Schumpelick V. Selective surgical management of 
diffuse peritonitis. Chirurg 1992; 63: 1035-40. 

4. Schürmann M, Stiegler H, Riel KA, Schildberg FW. Pulmonary 
embolism in surgical patients. Chirurg 1992; 63: 811-16. 

5. Fromont G, Leroy J. Thoracoscopic pulmonary lobectomy. 
Chirurg 1992; 63: 1050-2. 

6. Mastragelopulos N, Sarkar MR, Kaissling G, Bähr R, Daub D. 
Argon gas embolism during laparoscopic cholecystectomy using 
the argon-beam-one coagulator. Chirurg 1992; 63: 1053-4. 

7. Walz M, Muhr G. Alternate prone and supine positioning in 
patients with acute respiratory failure. Chirurg 1992; 63: 931-7. 


306 


Digest 





URGERY 
The Japanese Journal 


Br. J. Surg. 1993, Vol. 80, 
March, 306-307 





Gallbladder 


Sakurai et al.’ quantified the adherence of Escherichia coli and 
Pseudomonas aeruginosa to the epithelium of gallbladders 
obtained from 32 patients with negative bile culture using a 
scanning electron microscope. Of the gallbladders, five were 
histologically normal (group A), 21 had chronic calculus 
cholecystitis (group B) and six had acute calculus cholecystitis 
(group C). The data were expressed as the number of adherent 
bacteria per 1000 ym? of gallbladder epithelium. The 
mean(s.d.) number of adherent E. coli was 0-1(0-2) in group 
A, 4:2(2:8) in group B and 9-2(3-3) in group C. A similar result 
was observed with P. aeruginosa. The number of adherent 
bacteria of both types was significantly higher in group C than 
groups A and B, and was significantly higher in group B 
compared with group A. Bacterial adherence correlated with 
the degree of epithelial damage. Normal epithelium had an 
inhibiting ability. Secondary bacterial infection is, therefore, 
more likely in patients with contaminated bile, and the 
treatment for acute cholecystitis should be based on the results 
of bile culture or according to predictive factors for bacterial 
colonization of bile. 


Gastric cancer 


Yonemura and colleagues” analysed paraffin-embedded tumour 
samples from 151 patients with stage I gastric cancer by DNA 
flow cytometry. Eighty patients received an infusion of 
5-bromo-2'-deoxyuridine (BrdU) to determine the fraction in 
S phase. The S-phase fractions of tumours were measured by 
an immunchistochemical method using an anti-BrdU mono- 
clonal antibody. Of the 151 patients, 81 (54 per cent) and 70 
(46 per cent) had tumours with diploid and aneuploid patterns 
respectively. There was no correlation between DNA ploidy 
and wall invasion, histological type or lymphatic invasion. 
Aneuploid tumours were associated with positive vessel 
invasion. When DNA ploidy and clinicopathological para- 
. meters were simultaneously entered into a Cox regression 
model, ploidy and wall invasion emerged as independent 
prognostic parameters. Aneuploid tumours had significantly 
higher BrdU labelling indices than diploid lesions. The results 
indicate that determination of DNA ploidy patterns may be 
an important prognostic factor in patients with stage I gastric 
cancer and may be useful in guiding therapy. 

Matsui et al.° investigated oestrogen (ER) and progesterone 
(PR) receptors immunohistologically in 107 patients with 
gastric cancer undergoing curative resection. ER and PR were 
detected only in the cancer cell nucleus. The ER-positive rate 
was 28 per cent for men and 31 per cent for women, while the 
proportions positive for PR were 9 and 12 per cent respectively. 
Clinicopathologically, the ER-positive rate was slightly higher 
in young women and in those with poorly differentiated gastric 
cancer. When survival was analysed in relation to the presence 
or absence of receptors, the 10-year cumulative survival rate 
after surgery was significantly lower in patients with ER-positive 
tumours than in those with ER-negative lesions (16 versus 
63 per cent) and also significantly lower in those positive for 
PR than in those negative for this receptor (18 versus 
48 per cent). The coexistence of ER and PR in gastric cancer 
tissue suggests that the former receptor is physiologically active, 
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or that ER-positive gastric cancer is hormone dependent. 

Sakamoto and co-workers* analysed the prognostic value 
of immunosuppressive acidic protein (IAP ), known to suppress 
various immune responses in patients with cancer, in a 
prospective randomized trial of patients with advanced gastric 
cancer. The effect of polysaccharide K (PSK, Krestin; Sankyo, 
Tokyo, Japan), a type of biological response modifier with 
protein-bound polysaccharides, was also studied. Preoperative 
serum IAP levels were determined in 228 patients undergoing 
radical gastric resection; the tests were conducted in one 
laboratory by the single radial immunodiffusion method. All 
patients were followed for >24 months. There was an overall 
significant difference in disease-free survival time in favour of 
the PSK-treated group compared with controls. Preoperative 
IAP values correlated with disease-free survival time. An 
appropriate cut-off level for LAP was determined using Cox’s 
proportional hazards model; the most significant difference was 
observed at a threshold concentration of 580 ug/ml. Patients 
receiving PSK with a preoperative IAP level <580 ug/ml 
showed an improved disease-free survival rate (P = 0-03). No 
significant difference was seen between the two groups when 
the preoperative IAP exceeded the cut-off level. PSK is likely 
to be most effective in patients whose preoperative JAP level 
is lower than this threshold value. 

Umehara et al.* studied the amounts of nuclear DNA in 
gastric cancer metastases histologically and cytochemically by 
flow cytometry performed retrospectively on paraffin-embedded 
specimens from 95 patients. At surgery, all patients with 
aneuploid tumours had lymph node metastases. Liver 
metastases were frequently seen in those with aneuploid cancers 
(63 per cent; P < 0-01), while lung metastases were the most 
common in those with diploid tumours (50 per cent; P < 0-05). 
The incidence of peritoneal metastasis was high in patients with 
undifferentiated diploid cancers (72 per cent; P < 0-01). Local 
lymph node recurrence was more common in those with 
aneuploid than diploid tumours (P < 0-01). The incidence of 
bone and distant lymph node metastasis was found to be 
strongly dependent -on tissue differentiation. DNA ploidy 
pattern is, therefore, correlated with lymph node, liver and lung 
metastases in patients with gastric cancer. 


Paediatrics 

Flow cytometric DNA content analyses were performed by 
Naito and colleagues® on samples from 72 patients with 
neuroblastoma. Nuclear suspensions obtained from paraffin- 
embedded samples were prepared using the method described 
by Schutte et al.’. Determination of DNA ploidy was possible 
in, 62 patients: diploidy was detected in 23 (37 per cent) and 
aneuploidy in 39 (63 per cent). Cell sorting was performed on 
two peak areas of the DNA histogram of samples showing 
aneuploidy. The sorted cells of the first peak area were small 
and round and considered to be normal lymphocytes. The cells 
of the second peak were relatively large with obvious nucleoli; 
they were believed to be neuroblastoma cells, It was concluded 
that cell sorting may be of benefit in giving detailed information 
about DNA histograms, even in samples obtained from 
paraffin-embedded tissue. 
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Intestinal disease 


Thirty-seven patients with Crohn’s disease underwent intra- 
operative endoscopy during resection of affected intestine in a 
study by Arima et al.®. The mean age of the patients at surgery 
was 23-2 years. The residual lesions in the remaining intestine 
identified by intraoperative endoscopy were classified according 
to their pathological profiles into three groups. In group A, 
comprising patients with longitudinal ulcers and/or bowel of 
cobblestone appearance, ten of 12 patients had recurrence. In 
five of these ten, the residual lesions were exacerbated and two 
patients required further surgery. The remaining five patients 
showed recurrence at the site of previous anastomosis and two 
of these five required additional surgery. In group B, made up 
of patients with small ulcers, aphthoid ulcers or scars, and 
group C, comprising those with no residual lesions, recurrence 
© was observed in 13 of 16 and three of nine patients respectively. 
The recurrent lesions were all found proximal to, or at the site 
of, previous anastomosis. Additional operations were per- 
formed on three of the group B patients. The findings of this 
study reveal that recurrence requiring additional surgery is 
more frequent at the site of anastomosis regardless of the 
endoscopic appearance of the residual lesions. 

In the controversy over whether sphincter-saving excision or 
abdominoperineal resection (APR) is more appropriate for the 
treatment of very low rectal cancer, local recurrence rates seem 
to play a fundamental role in patient outcome. To operate an 
effective patient selection policy, very low rectal cancer was 
defined as that located within 4-5—7-5 cm of the anal verge. 
Tuscano et al.? reported the incidence of local recurrence after 
curative surgery for very low rectal carcinoma in 24 consecutive 
patients treated by the same surgical team over a 15-year period 
using the above surgical procedures. In patients undergoing 
APR the local recurrence rate was 45 per cent (five of 11 
patients); in those receiving sphincter-saving resection it was 
46 per cent (six of 13), with no significant difference between 
the two groups. Recurrence was found within 1 year of surgical 
` treatment in all except one patient. Despite the strict follow-up 
programme, it was possible to perform reoperation in only two 
patients with recurrence, both previously submitted to 
sphincter-saving surgery and diagnosed by transanal ultra- 
sonography and biopsy. The high incidence of local recurrence 
in this series is explained by the advanced stage of disease in 
. the majority of patients. Since the choice between APR and 
sphincter-saving resection does not seem to affect the incidence 
of local recurrence, which was related more to tumour size, 
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site, stage and grading, preservation of the sphincters and 
restoration of intestinal continuity should be the aim whenever 
technically possible. 

Y. Mishima 
Editor-in-Chief 
Surgery Today (The Japanese Journal of Surgery) 
Department of Surgery II 
Tokyo Medical and Dental University 
1-5-45 Yushima 
Bunkyo-ku 
Tokyo 113 
Japan 


References 


1. Sakurai S, Shinagawa.N, Fukui T, Yura J. Bacterial adherence 
to human gallbladder epithelium. Surg Today (Jpn J Surg) 1992; 
22: 504-7. 

2. Yonemura Y, Ohoyama S, Kimura H et al. Independent clinical 
and flow cytometric prognostic survival of patients with stage I 
gastric cancer. Surg Today (Jpn J Surg) 1992; 22: 416-20. 

3. Matsui M, Kojima O, Kawakami S, Uehara Y, Takahashi T. The 
prognosis of patients with gastric cancer possessing sex hormone 
receptors. Surg Today (Jpn J Surg) 1992; 22: 421-5. 

4. Sakamoto J, Koike A, Saji S, Teramukai S, Ohashi Y, 
Nakazato H. Preoperative serum immunosuppressive acidic 
protein (IAP) test for the prognosis of gastric cancer: a statistical 
study of the threshold level and evaluation of the effect of the 
biological response modifier PSK. Surg Today (Jpn J Surg) 1992; 
22: 530-6. 

5. Umehara Y, Kimura T, Yoshida M, Oba N, Harada Y. Metastatic 
node and DNA ploidy in gastric carcinoma. Surg Today (Jpn J 
Surg) 1992; 22: 405-8. 

6. Naito M, Iwafuchi M, Ohsawa Y et al. An experience of cell 
sorting using samples isolated from paraffin-embedded tissue of 
neuroblastoma. Surg Today (Jpn J Surg) 1992; 22: 435-8. 

7. Schutte B, Reynders MMJ, Bosman FT, Blijham GH. Flow 
cytometric determination of DNA ploidy level in nuclei isolated 
from paraffin-embedded tissue. Cytometry 1985; 6: 26-30. 

8. Arima S, Yoshimura S, Futami K, Yao T. The postoperative 
recurrence of Crohn’s disease: an analysis of 37 patients with 
Crohn’s disease who underwent endoscopy during initial surgery. 
Surg Today (Jpn J Surg) 1992; 22: 346-50. 

9. Tuscano D, Catarci M, Saputelli A et al. Low anterior resection 
versus abdominoperineal excision: a comparison of local 
recurrence after curative surgery for ‘very low’ rectal cancer. Surg 
Today (Jpn J Surg) 1992; 22: 313-17. 


307 





Br. J. Surg. 1993, Vol. 80, 
March, 308-309 


Pancreatic cancer 


Surgeons have contributed greatly to the description of the 
alimentary tract as the largest endocrine organ within the body. 
Understanding the endocrine source or responsiveness of some 
‘gastrointestinal diseases has provided a new insight into their 
management. There is no better example than the study 
provided by the French Association for Surgical Research of 
the responsiveness of pancreatic cancer to gonadoliberin and 
somatostatin'. The laboratory data supporting the potential 
inhibition of such tissue growth is sound but the clinical 
application is disappointing. There was a significant improve- 
ment in 20 per cent of the patients and the tumours were often 
very extensive. This provides a focus for further studies and if 
patients were better stratified then results may be improved in 
future trials. 


Surgical technique 


The exposure of surgical sites at the junction of body 
compartments, i.e. diaphragm and pelvis, is generally 
unfamiliar, rarely needed and often not very well performed. 
Karakousis provides a well illustrated example of an approach 
to the iliac fossa, external iliac vessels and the bony wall of the 
pelvis?. Although rarely warranted, a seems to provide an 
uncommonly good exposure of a complexbody compartment. 


Anastomotic healing 


Anastomotic failure in the intestine remains an Achilles’ heel 
of the broad-based practice of surgery. Professor Goris and his 
group at Nijmegen in the Netherlands have identified an 
interesting predilection for greater collagen synthetic capacity 
in the small bowel than in the colon. A regional reaction was 
observed in that the synthetic capacity occurred throughout 
the small bowel and was partly specific for collagen?. 


Vascular trauma 


Revascularization procedures, especially in the lower extremity, 
and the use of microsurgery are important techniques for the 
trauma surgeon in the management of distal vascular injury. 
Malone and associates* reported experience with 99 injuries 
distal to the brachial or popliteal trifurcations in 88 patients. 
Nerve and tendon injuries and fracture dislocations occurred 
often with the typically penetrating trauma. Fasciotomy was a 
useful adjunct in selected patients. When the vascular injury 
was isolated the results were excellent and reconstruction or 
ligation as chosen by the surgeon was effective. With multiple 
arterial injuries in the same extremity the surgeon’s choice was 
more difficult. The authors found that the preservation of a 
single functional artery distal to the elbow or knee was sufficient 
for limb viability and function. Ligation of vessels, provided 
patency was maintained in at least one other, was a useful 


Dr Hiram Polk, Editor of The American Journal of Surgery, has this 
month selected the best of October to December 1992 from that journal 
for his summary. A reciprocal digest written by our own Professor 
John Farndon appears in the American journal. 


therapeutic measure. The authors reiterate the primacy of nerve 
injury in determining long-term functional loss in the extremity. 


Breast cancer 


Regional surgical societies in the USA contribute broadly to 
the value of all journals and the South-western Surgical 
Congress encompasses a large part of the United States and 
an area in which the growth of population has recently been 
substantial. There is a nationwide concern promulgated, if not 
created, by the lay media that surgeons have favoured radical 
approaches and been very slow to embrace more conservative 
methods of therapy in the treatment of breast cancer. Abernathy 
and associates at the Denver General Hospital asked whether 
these actions were based on the surgeon’s advice or the patient’s 
choice*. Based on the responses of 175 surgeons in Colorado 
to a questionnaire, they identified one surgeon in three who 
admitted to providing subtly biased information in favour of 
the more traditional modified radical mastectomy. This is surely 
a time-dependent phenomenon. The development of further 
data and longer follow-up of breast-conserving procedures 
should allow this proportion to reduce further. The 
considerable difference in costs for breast-conserving therapy 
is an important factor and, with the so-called ‘healthcare reform 
movement’ in the. USA, data of this sort help dispel 
misunderstanding and identify those who need additional 
information in these areas. 


Cardiac surgery 


A San Antonio group examined the risk of major elective 
operation in patients who have undergone myocardial 
revascularization by coronary artery bypass grafting®. The 
popularity and broad use of the latter procedure have created 
a population that may require subsequent major surgery. 
Morbidity and mortality were studied in a well stratified 
collection of patients and no differences were identified. 
Surgeons can, therefore, safely approach the patient who has 
had a successful myocardial revascularization in an objective 
fashion knowing that if further surgery is warranted it can be 
performed safely. Overall symptoms and functional status need 
to be considered as before. 


Prosthetic materials 


The properties of prosthetic materials that permit repair of 
arteries, hernias and so forth have been studied in detail for 
some time. A report from a unit in Arizona which has long 
had an interest in basic wound healing identified an increase 
in thrombogenicity of polytetrafluoroethylene (PTFE) when 
certain manipulations were carried out’. They stressed that less 
than meticulous manipulation of PTFE with surgical 
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instruments significantly impaired healing and is a possible 
causative factor in the poor long-term performance of some 


grafts. 


Burns 


A series of 547 elderly patients with burns was the focus of a 
study from the burn unit at Parkland Memorial Hospital in 
Dallas®. No patient over the age of 65 years and with burns 
of > 47 per cent of body surface area survived. The currently 
popular early excision and grafting did not alter survival in 
patients with lesser burns, but the length of hospital stay was 
improved. Such data are helpful to the surgeon who faces the 
difficult moral issue of the extent of care in the older patient 
with burns. 


Endocrine surgery 


The Society of Head and Neck Surgeons provides important 
balance in an ever more’ specialty-oriented field for the 
practising general surgeon. Cancers of the thyroid provide 
perplexing data because of the favourable prognosis and 
long-term survival and the difficulty in identifying subtle 
differences in effects of treatment with such long delayed 
outcome. Auguste and associates? studied HER-2/neu 
oncogenes and cytoplasmic myc. There was no expression of 
the former in 21 follicular adenomas or 20 follicular carcinomas 
but the c-myc oncogene was expressed significantly more often 
in malignant lesions than in benign follicular neoplasm. This 
difference was not associated with a survival advantage. 

Much of the management of follicular cancers of the thyroid 
is dependent on the accuracy of frozen-section examination of 
the ipsilateral total lobectomy specimen. Davis and associates '° 
from the Vancouver General Hospital examined 198 patients 
who underwent frozen-section pathological examination at the 
time of operation. There were no false positives but 27 per cent 
false negatives. This is representative of practice across the USA 
and could not be improved by stratification of patients by age 
(> 50 years), size of the nodule (>3 cm), or a positive history 
of prior neck trradiation. These data indicate that the informed 
patient coming to thyroidectomy and frozen-section evaluation 
needs to appreciate the possibility of error and potential further 
operation if warranted. 

Maddox, Urist and associates at the University of Alabama 
recently re-examined their experience with cervical lymph node 
metastasis from well differentiated thyroid cancer'!. The extent 
of node dissection has been widely debated in surgical practice 
and is a hostage to the extraordinarily favourable prognosis 
and anticipated long survival in the vast majority of such 
patients. The authors identified lymph node metastasis as the 
most important prognostic variable. The data did not permit 
evaluation of the extent of node dissection under different 
clinical circumstances. The best judgement of the surgeon and 
postoperative suppressive therapy seem to be the keystones of 
quality care. 
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The failed exploration of the patient with overt hyper- 
parathyroidism is the most disconcerting area of practice in 
endocrine surgery. Silver and Velez examined 27 reoperations 
and found that 21 of 26 patients undergoing attempted 
localization were aided by such studies!?. Invasive procedures 
such as selective vein catheterization and/or arteriography were 
effective in 12 of 15 patients and less invasive procedures 
including scintigraphy, magnetic resonance imaging, computed 
tomography and ultrasonography were accurate in 14 of 21. 
Twenty-three of the patients were cured by a second operation. 
The localization of parathyroid tissue continues to be a popular 
subject among surgical investigators and this report represents 
a high standard of performance in a difficult clinical situation. 


H. C. Polk Jr 
Editor 
The American Journal of Surgery 
Department of Surgery 
University of Louisville 
Louisville 
Kentucky 40 292 
USA 
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High incidence of arteriovenous 
fistula after biopsy of kidney 
allografts 


Arteriovenous fistula (AVF) is a well known but rarely diagnosed 
complication of percutaneous biopsy of kidney allografts. In the past 
diagnosis was usually made when clinical signs of an AVF occurred but 
Doppler ultrasonography has now enabled non-invasive diagnosis. 
Doppler examination of kidney allografts was performed after 100 
biopsies. A total of ten AVFs were diagnosed within 2 weeks of biopsy. 
On repeated examination 2 months later, no additional fistula was 
detected. All fistulas were detected by abnormal colour shading of 
the artery and vein of the fistula caused by high blood velocity. 
Quantification in the artery supplying the fistula showed a higher systolic 
velocity compared with that in a normal artery of comparable size and 
location in the graft (mean (range) 64 (25—150) versus 36 (20-65) 
cm/s, P < 0-05). Diastolic velocity was also higher in the artery 
supplying the fistula than in a normal artery (mean (range) 34 (9-72) 


.versus 7 (0-13) cm/s, P < 0-05). In the group with an AVF the . 


proportion with a prolonged bleeding time (>3 min) was higher 
(80 versus 47 per cent, P < 0-05), as was the prevalence of a platelet 
count <200 x 10°/1 (60 versus 22 per cent, P < 0-05). After detection 
of the fistula, four of the grafts were lost because of rejection and two 
patients died from sepsis during antirejection treatment. During 
follow-up of the remaining four AVFs, three disappeared spontaneously 
and one persisted. None of the fistulas has had an impact on renal 
function requiring intervention. In conclusion, AVF is a complication 
observed frequently after kidney allograft biopsy that can be detected 
and monitored by Doppler ultrasonography. 


Arteriovenous fistula (AVF) is a well recognized complication 
after biopsy both in the native kidney! and in a kidney 
allograft. After renal transplantation, percutaneous biopsy is 
used routinely to establish a diagnosis of rejection. Case reports 
of AVF after biopsy from a kidney allograft have been 
published*-®, but the incidence of this complication is not well 
known. Recently, incidences of 1-2 per cent after all allograft 
biopsies have been reported!™!!, The detection of a fistula is 
possible using angiography*®7:}%1! or radionuclide scanning? 
and several reports have been published recently on the 
applicability of Doppler ultrasonographic examination ™!?. 
This non-invasive technique is particularly suitable for the 
detection of AVFs following kidney allograft biopsy, not only 
because images of the allograft can be obtained, but also because 
Doppler spectra can be used to describe changes in 
haemodynamics'*!*. 

In this study Doppler examination was routine shortly 
after every kidney allograft biopsy to detect possible 
AVFs. Additionally, possible risk factors for the occurrence of 
a fistula were analysed and all fistulas detected were 
followed up. 
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Patients and methods 


Doppler ultrasonography was performed in all patients undergoing 
transplantation between May 1990 and September 1991 who had a 
kidney allograft biopsy. Transplantation was carried out using standard 
surgical techniques with end-to-side anastomosis on the external iliac 
vessels. Biopsies were taken with a 14-G Tru-Cut needle (Travenol 
Laboratories, Deerfield, Illinois, USA) when the cause of renal 
dysfunction had to be established. Doppler examination was performed 
with a Toshiba SSA-270-A colour duplex scanner with a 3-75-MHz 
probe (Toshiba, Tokyo, Japan) within 2 weeks of biopsy. The probe 
was placed on the lateral region of the abdomen to visualize the position 
and anatomy of the kidney allograft. The colour-coded Doppler 
representation was used to identify the vessels of the allograft. Initial 
detection of an AVF is possible on the real-time Doppler image by 
random colour assignment caused by tissue vibration or by abnormal 
colour shading of the artery and vein of the fistula compared with the 
normal vessels of the graft*. Doppler spectra from a normal segmental 
artery and from the artery supplying the AVF were obtained. The 
systolic and diastolic velocities in these arteries were measured. The 
insonation angle of the Doppler beam was kept below 60°. The 
resistance index (RI) of the spectrum was calculated using the 
formula’s: 
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Table 1 Doppler spectrum waveform characteristics of arteriovenous fistulas and comparable normal arteries in kidney allografts 











Artery supplying fistula Normal artery 
Systolic Diastolic Systolic Diastolic 

Patient velocity velocity velocity velocity 

no. (cm/s) (cm/s) RI (cm/s) (cm/s) RI ARI 
1 68 30 0-56 43 10 0:77 0-21 
2 25 9 0-64 20 5 O75 O11 
3 11i 72 0-35 37 8 0-78 0-43 
4 60 35 0:42 65 13 0:80 0:38 
5 70 48 0:31 32 4 0-88 0:57 
6 31 16 0-48 33 7 0-79 0-31 
7 27 i4 0-48 42 0 100 0-52 
8 150 66 0-56 32 10 0-69 0-13 
9 25 “13 0-48 20 0 1-00 0-52 

10 714 32 0:57 40 10 0-75 0-18 


Measurements were made 2—14 days after biopsy. RI, resistance index 


RI= systolic velocity—diastolic velocity 





systolic velocity 


The RI is a parameter that characterizes the peripheral resistance of 
an artery'>!5, The venous flow pattern in the allograft was also 
assessed for features of arterialization; these can be seen in -veins 
draining a fistula. Clinical data at the time of biopsy were recorded to 
assess whether risk factors for the occurrence of a fistula could be 
identified. Serum creatinine concentration and haematological 
characteristics were determined using standard laboratory techniques. 
In all patients Doppler ultrasonography was repeated after 2 months 
to detect fistulas that might have been too small for identification 
previously but that had later increased in size. Also, all fistulas detected 
were followed up to assess changes with time. 

Statistical analysis was performed using Student's £ test or 
Kruskal-Wallis analysis for two groups where appropriate. P < 0-05 
was considered significant. 


Results 


During the observation period 100 biopsies were performed in 
62 patients. A biopsy was taken at 1—52 (median 4) weeks after 
transplantation. Doppler ultrasonography was performed 1—14 
(median 2) days after biopsy. These initial examinations 
disclosed ten AVFs (incidence 10 per cent). Most fistulas were 
detected on an initial overview of the sonographic image. In 
one case the difference in RI between segmental arteries and 
arterialization of the venous signal prompted the investigator 
to search for a fistula, which was then identified. The presence 
of a fistula was confirmed during follow-up when it had 
increased in size and showed the same characteristics as the 
other fistulas. Doppler waveform characteristics of the fistulas 
detected are shown in Table 1. The mean (range) systolic 
velocity was higher in arteries supplying the AVF than in 
normal arteries (64 (25-150) versus 36 (20-65)cm/s, 
P < 0-05). The diastolic velocity was also higher in the former 
(mean (range) 34 (9-72) versus 7 (0—13) cm/s, P < 0-05). This 
resulted in a lower RI for the artery supplying the AVF 
compared with that of a normal artery (mean (range) 0-48 
(0:31-0:64) versus 0-82 (0:69-1:00), P < 0-05). 

Haematuria occurred for several days after biopsy in two 
of the ten patients (20 per cent) with an AVF, but in only six 
of the 90 (7 per cent) in whom no fistula was observed. A bruit 
over the area of the allograft was heard in four of the ten 
patients with a fistula but in none of the others. Rejection was 
diagnosed in 50 per cent of the biopsies causing an AVF and 
in 69 per cent of the others; the difference was not significant. 
In four of the ten biopsies that had caused a fistula, parts of 
the arterial wall were seen in the biopsy. Clinical data for the 
patients at the time of biopsy are shown in Table 2. There were 
significant differences between groups without and with an AVF 
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Table 2 Clinical data for patients with and without arteriovenous fistula 
after kidney allograft biopsy 








No fistula With fistula 
{n = 90) (n = 10) P 
Systolic blood pressure 158(27) 148(30) n.s. 
(mmHg)* 
Diastolic blood pressure 89(14) 82(13) ns. 
(mmHg )* 
Serum creatinine (mol/1)* 407(237)  430(237) ns. 
Activated partial thromboplastin 32(5) 34(8) ns. 
time (s)* 
Ivy bleeding time >3 mintt 42 (47) 8 (80) <005 


Platelet count <200 x 10°/It 20 (22) 6 (60) <0-05 

International ratio >1-2f 5 (6) 2 (20) ns. 

Cyclosporin immuno- 55 (61) 5 (50) ns. 
suppressiont 








* Values are mean(s.d.); t values in parentheses are percentages. { Mean 
of three consecutive measurements. n.s., Not significant 


in the proportion of patients who had a bleeding time >3 min 
(47 versus 80 per cent) and a platelet count <200 x 10°/I (22 
versus 60 per cent). i 

Doppler ultrasonography was repeated in all patients 7-10 
(median 8) weeks after biopsy to detect any fistula that might 
have become visible only after an increase in size with time, 
and to detect any spontaneous closure of an already established 
AVF. No new fistula was found and none of the lesions detected 
earlier had spontaneously disappeared at that time. 

During follow-up, two patients died from sepsis after 
antirejection treatment. In four others the graft was lost to 
rejection within 2 weeks of biopsy. In the remaining four 
patients the AVFs were followed for between 15 and 24 weeks 
after biopsy. Doppler examination showed that three of these 
fistulas had disappeared spontaneously, whereas the remaining 
fistula showed increased blood velocities. However, the patient 
affected has suffered neither deterioration of renal function nor 
any complaint that could be attributed to the fistula up to 18 
months after biopsy. 


Discussion 


The Doppler characteristics of AVFs after renal allograft biopsy 
have been described earlier*-*:!? and the present findings are 
in concordance with these data. The RI, a measure of peripheral 
resistance of an artery, was considerably lower in all fistulas 
compared with the index of a normal artery in the allograft. 
In this study, however, the velocities in the normal artery and 
the AVF during the first examination after biopsy showed more 
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overlap than in the descriptive study of Middleton et al.°. This 
may be because the first examinations in the present study were 
made shortly after biopsy when the fistulas were still relatively 
small, resulting in lower blood velocities in the supplying artery. 
Furthermore, examination was performed on a routine basis 
whereas a selected group of patients was investigated in other 
studies*1°, 

The incidence of AVF in the present series was 10 per cent. 
This is rather high compared with the values of 1 and 2 per cent 
reported in previous studies!®! where clinical symptoms were 
the indication for performing angiography that disclosed the 
fistula. Duplex examination was routine after biopsy in the 
present study, so more AVFs were detected. The incidence in 
this series is more in agreement with the values of 
15-18 per cent found by routine angiography performed after 
biopsy of native kidneys! ?. 

Parts of the arterial wall were found in four of the ten biopsies 
that had caused an AVF. Because not all of the biopsy material 
was always examined, no definitive conclusion can be drawn 
from this observation. In agreement with the findings of Lawen 
et al.'°, no association could be made between the presence of 
signs of rejection in the biopsy and the occurrence of an AVF. 
However, the clinical data taken at the time of biopsy showed 
significantly higher percentages of patients with a prolonged 
bleeding time and a low platelet count in those with a fistula 
than in the other group. It seems that, together with the 
circumstantial factor of arterial damage from the biopsy needle, 
the haemostatic condition of the patient contributes to the risk 
of developing a fistula. The occurrence of a fistula is probably 
a multifactorial event, to which haemostatic factors and factors 
associated with the biopsy technique both contribute. Contrary 
to the findings of others!®, cyclosporin immunosuppression did 
not seem to be associated with an increased risk of AVF 
development. 

The present study suggests that the consequences of an AVF 
are limited. In most cases the fistula never became clinically 
significant, because the graft was lost to rejection or the patient 
died. Most of the remaining fistulas disappeared spontaneously. 
Spontaneous disappearance has also been reported elsewhere’®. 
A persisting fistula, as observed in one patient in the present 
series, may exist without renal dysfunction or signs of hyper- 
dynamic circulation++-1°, However, others have reported 
deterioration of renal function and uncontrollable hypertension 
resulting from a fistula; these are features that may require 
correction either surgically or by percutaneous emboliz- 
ation®:">-!?,_ According to Lawen et al.'° most AVFs were 
found in patients who had undergone biopsy more than 1 year 
after transplantation and most of these needed correction. This 
discrepancy with the present study may be because most of the 
biopsies in this series were taken approximately 4 weeks after 
transplantation and many grafts were lost before the fistula 
could develop to an extent where it was a threat to renal 
function. Lawen et al.!° found that AVFs were detected in 
06 per cent of biopsies taken in the first year after 
transplantation. After biopsy taken beyond the first year, the 
proportion was 3-5 per cent. They attributed this higher 
incidence to the histological features of the graft after 1 year: 
arterial wall thickening and intimal fibrosis. In our opinion, it 
may equally well have been caused by the higher loss of grafts 
in the first year, preventing some of the fistulas reaching the 
level of clinical significance. 

In conclusion, Doppler ultrasonography provides an easy, 


312 


non-invasive method for detecting and monitoring AVFs after 
kidney allograft biopsy. In this prospective study the incidence 
of fistula was 10 per cent of all biopsies. Haemostatic factors 
seem to contribute to the occurrence of a fistula. None of these 
early detected fistulas caused deterioration of renal function 
requiring intervention. 
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Autologous predonation, 
haemodilution and intraoperative 
blood salvage in elective 


‘abdominal aortic aneurysm repair 


The feasibility of predonated autologous blood transfusion and 
intraoperative blood salvage in elective abdominal aortic aneurysm 
repair was studied. Twenty consecutive patients were evaluated, of whom 
five were excluded according to protocol criteria. Patients each donated . 
l unit blood 14 and 7 days before operation. A third unit was withdrawn 
in the anaesthetic room and replaced with Hartmann’s solution, 
producing a haemodiluted state. Intraoperative losses were minimized 
using the Haemonetics Cell Saver III Plus autotransfusion system. 
Predonated blood from two patients passed its expiry date owing to 
repeated operation postponements, leaving 13 patients for study. The 
mean(s.d.) intraoperative blood loss was 700(300) ml with a mean(s.d.) 
intraoperative salvage of 420(300) ml. Two patients were transfused 
with bank blood in breach of the protocol and two others were transfused 
according to clinical need. Thus nine patients safely avoided homologous 
transfusion. With autologous predonation, haemodilution and intra- 
operative blood salvage, elective aortic aneurysm repair can be 
performed safely with minimal need for homologous blood. 


Abdominal aortic aneurysm (AAA) affects 1—4 per cent of the 
population over 50 years and causes 1-3 per cent of all male 
deaths over the age of 65 years’. Greater longevity, improved 
detection and better community awareness of the disease 
through aneurysm screening programmes are likely to lead to 
increasing numbers of patients undergoing elective AAA repair. 
Each operation places demands on the blood transfusion service 
and each unit transfused exposes the patient to the risk of 
disease transmission and incompatibility. 

Infections transmitted by homologous blood transfusion 
include hepatitis?, acquired immune deficiency syndrome? and 
cytomegalovirus”"*. Sensitization to red cell, white cell and 
platelet antigens in donor blood leads to febrile reactions in up 
to 5 per cent of all transfusions***. The potential risks of ABO 
and rhesus incompatibility are minimized by the rigorous 
cross-matching procedure. The use of autologous blood 
transfusion virtually abolishes the risk of disease transmission 
and incompatibility while conserving valuable stores of bank 
blood for emergency use. 

Predonation’—'°, haemodilution''!? and intraoperative 
blood salvage’*~!” are established techniques for conserving 
bank blood in surgery. The aim of this study was to minimize 
homologous blood requirements in elective AAA surgery by 
combining these three techniques. 


Patients and methods 


Twenty consecutive patients undergoing elective AAA repair were 
considered for study. Patients were excluded according to the criteria 
listed in Table 1, which are modifications of the guidelines for 
autologous transfusion set out by the British Society for Haematology 
and the British Blood Transfusion Society’®. 

Eligible patients donated 1 unit (450 ml) blood 14 days before the 
scheduled surgery date and again 7 days later. Each unit collected was 
stored separately from the routine blood stocks. Collected into standard 
bags containing citrate phosphate—dextrose with adenine, the pre- 
donated blood had a storage life of 35 days; this allowed a 3-week 
period during which the date of surgery could be postponed, if 
necessary. Time-expired predonated blood was discarded. 

Haemoglobin levels were measured immediately before each 
donation and on the day before surgery. A level <10 g/dl at any time 
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before operation required that the patient was withdrawn from the 
study. Patients were given 200 mg ferrous sulphate orally three times 
a day throughout the preoperative period and for 6 weeks after 
operation to prevent iron deficiency’. On the day before surgery, blood 
was taken for cross-matching and final checking against the previously 
donated blood. 

In the anaesthetic room before induction, 450ml blood was 
withdrawn and replaced with 500 ml Hartmann’s solution to provide 
a third unit of autologous blood and to induce a state of normovolaemic 
haemodilution. For the operation, a standard anaesthetic technique 
combining epidural and general anaesthesia was used. Surgery was 
performed via the transperitoneal route and each patient was given a 
bolus of 5000 units heparin intravenously before aortic cross-clamping. 
The aneurysmal aortas were replaced with Gelsoft impregnated Dacron 
grafts (Vascutek, Inchinnan, UK) using a standard inlay technique. 

Intraoperative blood lost was salvaged using the Cell Saver III Plus 
autotransfusion system (Haemonetics, Leeds, UK). This processes 
blood aspirated from the operative site to provide packed red cells for 
retransfusion. The fresh unit of autologous blood collected in the 
anaesthetic room was returned to the patient before clamp release on 
completion of the graft, followed by salvaged intraoperative losses and 
predonated autologous units as required. Any residual autologous units 
were transfused after operation. Thereafter, patients were given 
homologous bank blood if the haemoglobin level fell to <9-0 g/dl, 
although a final decision regarding transfusion was made on clinical 
grounds. Each patient gave written informed consent to participate in 
the study and the protocol was approved by the hospital research ethics 
committee. 


Table 1 Exclusion criteria for autologous predonation 


Significant cardiovascular or cerebrovascular disease 
Angina pectoris 
Hypertension treated with f-blockers or angiotensin-converting 
enzyme inhibitors 
Previous CVA 
History of TIA, CVA or myocardial infarction in the preceding 
12 months 
Haemoglobin level <12 g/dl in men or <11 g/dl in women 
Active bacterial infection 
Epilepsy 


TIA, transient ischaemic attack; CVA, cerebrovascular accident 
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Results 


Of the 20 patients, two were excluded because of concurrent 
angina, two because of B-blocker therapy for hypertension and 
one owing to a previous minor stroke. Thus 15 patients 
predonated blood. Two more were subsequently excluded 
because their predonated blood exceeded its storage life and 
was discarded following repeated operation postponement. This 
left 13 patients managed according to the protocol. All had 
infrarenal aneurysms, ranging in diameter from 5:2 to 9-0 cm. 
One required a bifurcated prosthesis while the remaining 12 
received straight grafts. 

No problems were encountered with predonation apart from 
one mild vasovagal episode. Some 2 units blood were pre- 
donated in the weeks before surgery by all but one patient, 
` in whom venepuncture was difficult and only 1 unit was 
obtained. Withdrawal of the third unit in the anaesthetic room 
was omitted in three cases because of unfamiliarity of staff with 
the protocol. There were thus four patients who had only 2 
units predeposited autologous blood in reserve, while the 
remainder had 3. 

The mean(s.d.) intraoperative blood loss was estimated at 
700(300) ml by adding salvaged blood volume to that lost into 
swabs and drapes. The mean(s.d.) volume of salvaged blood 
retransfused was 420(300) ml, or 60 per cent of the estimated 
intraoperative blood loss. 

Haemoglobin levels in all patients fell in response to 
predonation, despite iron therapy. There was a further fall over 
the period of surgery, with lowest levels being reached from the 


Haemoglobin (g/dl) 








-14 -7 Preop. Postop. 1 2 3 7 42 


Time after operation (days) 
Mean Hb (g/dl) 


13-7 12-7 12-5 10-7 10-3 10-1 10-4 11:2 13-2 


Figure 1 Haemoglobin (Hb) levels over the study period for the 13 
patients who completed the protocol 


Units 





Patient no. 


Figure 2 Blood requirements for the 13 patients who underwent 
autologous transfusion. Patients 1, 3, 7 and 13 were given homologous 
bank blood. (3, Predeposited blood (including predonated units and that 
withdrawn in association with haemodilution); W, salvaged blood; D, 
bank blood 
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first to third day after operation. Levels had generally risen by 
the seventh day and all had returned towards the original 
preoperative level after 6 weeks. Changes in haemoglobin level 
of the 13 patients completing the protocol are shown in Figure 1. 
In two cases sharp rises in haemoglobin were seen in the early 
postoperative period. These reflect the effects of blood 
transfusion. 

Figure 2 summarizes the blood requirements of the 13 
patients. Four were given homologous bank blood. Patients 1 
and 3 were given bank blood early in the series because of 
unfamiliarity of staff with the study protocol. Patients 7 and 
13 were transfused with bank blood on clinical grounds. Patient 
7 did not receive any salvaged blood during operation but was 
given 4 units bank blood after surgery in addition to 3 units 
predeposited blood. Patient 13 was given 2 units bank blood 
on the second day after operation for clinically significant 
anaemia, with a haemoglobin level of 8-1 g/dl. 

Postoperative complications comprised two cases of 
pulmonary atelectasis and one death. The latter occurred on 
the third day after operation from myocardial infarction. The 
length of hospital stay after operation ranged from 6 to 13 
(median 8) days. 


Discussion 

Predonation, haemodilution and salvage autotransfusion have 
each been shown to reduce transfusion needs; the potential 
savings of banked blood are great if they are used in 
combination. The technique of predonation is well established 
and several successful schemes have been reported®-!°. 
However, predonation schemes can be used only for elective 
cases because of the time required for preoperative blood 
collection and only when the operation carries a high likelihood 
of transfusion'®. Although some delays in the scheduled surgery 
can be absorbed, prolonged postponement will lead to blood 
expiry and wastage. This occurred in two of the present cases 
because of unavailability of intensive therapy unit beds. A high 
degree of coordination is therefore required between haema- 
tology, surgery, anaesthetic and intensive therapy staff to run 
a successful predonation scheme. 

The use of autologous predonation does not entirely 
eliminate the risk of transfusion incompatibility. Careful 
attention must be paid to labelling and identification of blood 
and patients. Although a full cross-match is not necessary for 
autologous blood, some compatibility testing is recommended 
as a safeguard?°. In this study ABO and rhesus checks were 
carried out on all patients and autologous blood units, as well 
as matching each unit against the patient using a Coombs’ test. 

Haemodilution has been used in a number of surgical 
specialties to reduce intraoperative red cell loss'!-1”, Anaemia 
is the major contraindication and the technique should be 
employed cautiously in patients with cardiac or renal disease. 
Although coagulation proteins and platelets are also diluted, 
clinical problems with haemostasis have not been encoun- 
tered'®?° and no adverse changes have been documented in 
pulmonary function or oxygen delivery at haematocrit values 
as low as 20 per cent!!. 

The safety and efficacy of intraoperative blood salvage has 
been clearly established!*:?!:22, Although some morphological 
cellular disruption and an increase in free plasma haemoglobin 
does occur!*, researchers agree that prothrombin time, 
fibrinogen degradation products and D-dimer levels, renal 
function and clinical outcome are not adversely influenced '?-'5. 
While all surgeons would aim to minimize intraoperative 
bleeding by meticulous technique, there is inevitable blood loss 
from backbleeding vessels and ‘flushing’ of grafts that usually 
provides adequate blood for the salvage process to be 
worthwhile. 

In this study, an autologous ‘bank’ of 3—5 units was available 
from predonation and intraoperative salvage to cover the AAA 
repair. Both the administration of erythropoietin during the 
period of predonation?? and the ‘piggyback’ regimen, in which 
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the oldest unit is retransfused into the patient while 2 more are 
withdrawn at a predonation session?*, may increase the amount 
of autologous blood that is available for operation but neither 
of these methods was used in the present study. Haemoglobin 
levels fell during the period of preoperative donation and 
remained steady at low levels for the first 3 days after operation. 
The rise observed over the following 4 days was considered to 
reflect a contraction of the intravascular space on removal of 
the epidural catheter. Although a haemoglobin level of 9-0 g/dl 
was used as the critical concentration for transfusion, others 
have suggested that a level of 8-0 g/dl is adequate and should 
not be associated with increased morbidity?>. 

Nine of the 13 patients underwent successful AAA repair 
without homologous transfusion by combining autologous 
predonation, haemodilution and intraoperative blood salvage. 
In addition, there were two from the excluded group who did 
not require homologous blood, using only haemodilution and 
intraoperative salvage. Thus 11 of 20 patients avoided 
homologous transfusion altogether. As a result of this study, 
the routine cross-match order for AAA surgery in patients 
completing the predonation programme has been lowered from 
6 to 2 units. It is expected that continued use of these techniques 
will help conserve valuable stores of bank blood as well as 
reducing the risks of disease transmission and incompatibility. 
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the oldest unit is retransfused into the patient while 2 more are 
withdrawn at a predonation session?+, may increase the amount 
of autologous blood that is available for operation but neither 
of these methods was used in the present study. Haemoglobin 
levels fell during the period of preoperative donation and 
remained steady at low levels for the first 3 days after operation. 
The rise observed over the following 4 days was considered to 
reflect a contraction of the intravascular space on removal of 
the epidural catheter. Although a haemoglobin level of 9-0 g/dl 
was used as the critical concentration for transfusion, others 
have suggested that a level of 8-0 g/dl is adequate and should 
not be associated with increased morbidity?°, 

Nine of the 13 patients underwent successful AAA repair 
without homologous transfusion by combining autologous 
predonation, haemodilution and intraoperative blood salvage. 
In addition, there were two from the excluded group who did 
not require homologous blood, using only haemodilution and 
intraoperative salvage. Thus 11 of 20 patients avoided 
homologous transfusion altogether. As a result of this study, 
the routine cross-match order for AAA surgery in patients 
completing the predonation programme has been lowered from 
6 to 2 units. It is expected that continued use of these techniques 
will help conserve valuable stores of bank blood as well as 
reducing the risks of disease transmission and incompatibility. 
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Ectopic thyroid tissue can be detected anywhere from the 
foramen caecum to the porta hepatis™?. Most frequently it 
presents as a thyroglossal duct cyst associated with a normal 
thyroid gland. Less common is total ectopia, which can occur 
as a lingual thyroid or occasionally elsewhere in the body’. 
Suprahyoid, infrahyoid, intratracheal, intralaryngeal, intra- 
oesophageal, mediastinal, aortic, pericardial or cardiac ectopic 
thyroid tissue localizations are rarely seen. Ectopic thyroid 
tissue below the diaphragm is an extremely rare condition®, 
sten mostly as struma ovarii. In this report a case of 
intra-abdominal thyroid gland is presented. 


Case report 


A 63-year-old woman was admitted with symptoms of anorexia, 
weakness, weight loss (7 kg in 3 months), dysphagia, vomiting and 
postprandial pain. Clinical examination and laboratory tests showed 
no abnormality except for a raised erythrocyte sedimentation rate 
(100 mm/h). On barium studies, a possible tumour mass was partially 
obstructing the cardio-oesophageal junction. Gastric cancer was 
suspected, and the patient underwent distal oesophagectomy, total 
gastrectomy, omentectomy, splenectomy and resection of the pancreatic 
tail. During operation, a lobular mass 10 x 7-5 x 5cm was detected 
posterior to the spleen and stomach. 

Microscopic examination of the diffuse infiltrating tumour of the 
stomach revealed an undifferentiated signet-ring cell carcinoma. In 
addition, behind the stomach and spleen lay the encapsulated tumour 
mass, the cut section of which was lobulated and of colloid appearance 
similar to thyroid tissue. Microscopic examination showed a multi- 
lobular structure composed of follicles that were lined with cuboidal 
epithelium and contained an acidophilic material (Figure 1). With 
alcian blue and mucicarmine stains no mucinous substance was 
observed. However, the epithelial cells reacted strongly with 
thyroglobulin (Figure 2) and a histopathological diagnosis of ectopic 
thyroid tissue with adenomatous hyperplasia was therefore made. 

To seek further ectopic thyroid tissue, thyroid scintigraphy and 
whole-body scanning with '*"I were performed. No other thyroid tissue 
was detected. Levels of circulating hormones (T,, T, and thyroid- 
stimulating hormone), thyroglobulin microsomal antibodies and 
thyroglobulin antibody were all normal. 


Discussion 


An ectopic thyroid gland is seen most often in the neck, less 
frequently in the chest and rarely in the abdomen. Intra- 
abdominal thyroid tissue is detected mostly as struma ovarii 
within ovarian teratomas in association with other fetal tissue 
remnants*. Otherwise, intra-abdominal thyroid tissue has been 
reported only as cell rests. Although Ramos-Gabatin and 
Pretorius” have proposed that ectopic thyroid tissue may occur 
anywhere from the foramen caecum to the porta hepatis along 
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Figure 1 = Ectopic thyroid tissue. ( Haematoxylin and eosin stain, original 
magnification x 32) 





Figure 2 Ectopic thyroid tissue. (Thyroglobulin stain, original 
magnification x 500) 


the embryological migration path, the present case is unique 
in that there was a distinct mass below the diaphragm 
containing thyroid tissue only. 

Takahashi er al.* found thyroid cells in the duodenal 
submucosa of a patient who had undergone pancreatoduoden- 
ectomy. In this case, follicular islands were detected but no 
gland formation was present, and the authors regarded this as 
metaplasia. In the present patient the ectopic thyroid tissue 
was separate from the coincidental gastric carcinoma and the 
orthotopic thyroid gland appeared to function normally. 
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Surgical treatment of reflux 
stricture of the oesophagus 


The choice of surgery in patients with reflux-induced oesophageal 
stricture remains controversial. From 1976 to 1990, a total of 65 patients 
underwent fundoplication (36 patients), Collis gastroplasty plus 
fundoplication (ten), total duodenal diversion (four) and oesophageal 
resection (15). The postoperative mortality rate was 5 per cent (three 
patients): necrosis of the colon transplant in two patients and acute 
pancreatitis in one. The median follow-up was 25 (range 6—120) months. 
After conservative surgery, the median number of dilatations per patient 
per year significantly decreased (P < 0-001). Nine patients (25 per cent) 
complained of persistent or recurrent symptoms after standard 
fundoplication and six required reoperation. Clinical results were 
satisfactory in patients who underwent Collis fundoplication, total 
duodenal diversion and oesophageal resection. It is concluded that the 
causes of failed fundoplication are irreversible stricture or persistent 
gastro-oesophageal reflux; the latter may be caused by An or 
deterioration of the partial fundoplication wrap. A subtle degree of 
oesophageal shortening is probably underestimated in such patients and 
this may explain the better results obtained with the Collis 
fundoplication. Total duodenal diversion is a good therapeutic option 
in patients who have undergone previous oesophagogastric surgery. 
Oesophageal resection should be reserved for patients with tight 
strictures unresponsive to dilatation or those with scleroderma, multiple 


Milano, Italy 


The surgical treatment of reflux-induced oesophageal stricture 
remains controversial. The two major areas of debate are the 
choice of the ideal antireflux procedure and the indication for 
oesophageal resection. 

During the past two decades it has become clear that most 
strictures can be successfully dilated and that dilatation 
combined with an antireflux procedure can restore comfortable 
swallowing in the majority of patients!?. However, in some 
circumstances oesophageal resection may be the only 
therapeutic option because of the inability to dilate a long tight 
stricture or to treat an early recurring stenosis in spite of 
previous surgical attempts to eliminate gastro-oesophageal 
reflux’. 

In this retrospective study, management of patients with 
reflux-induced oesophageal stricture was reviewed to assess the 
efficacy of various surgical techniques and evaluate the influence 
of oesophagus-sparing operations on the natural history of the 
disease. 


Patients and methods 


From 1976 to 1990, 472 consecutive patients with reflux oesophagitis 
were referred to the University of Padua Medical School. Of these, 145 
(31 per cent) had an oesophageal stricture requiring dilatation. A total 
of 65 patients were treated surgically during the course of the disease: 
39 men and 26 women, of median age 50 (range 15-78) years, with 
12 >65 years of age. Ten patients had had previous operations on the 
upper gastrointestinal tract; these were antireflux procedures (four 
patients), vagotomy and pyloroplasty (three), partial gastrectomy 
(two) and Heller’s myotomy (one). All 65 patients complained of 
dysphagia for a median duration of 20 (range 2-180) months and 53 
(82 per cent) had a clinical history suggestive of gastro-oesophageal 
reflux. 

Barium contrast studies showed a distal oesophageal stricture; this 
was associated with a hiatus hernia in the majority of patients. A 
variable degree of oesophageal shortening was noted in ten patients 
(15 per cent). 





0007-1323/93/030317-04 © 1993 Butterworth-Heinemann Ltd 


previous operations or severe dysplasia in Barrett’s oesophagus. 


On initial endoscopy, the stenosis did not admit the passage of a 
paediatric endoscope in 41 patients (63 per cent). In 11 patients 
(17 per cent) the stricture was not dilatable. The mean(s.d.) length of 
stricture in 54 patients with a dilatable stenosis was 2:6(0-6) cm. 
Associated endoscopic findings were erosive oesophagitis in 23 patients 
(35 per cent), Barrett’s oesophagus in 12 (18 per cent) and 
mid-oesophageal diverticula in two (3 per cent). Severe dysplasia was 
found in the biopsy specimens of one patient with specialized Barrett’s 
epithelium. 

Endoscopic dilatation was always attempted to achieve an adequate 
oesophageal lumen and patients received medical therapy with 
H,-receptor antagonists or, more recently, omeprazole. Dilatation was 
performed using the Savary—Gilliard bougies (Wilson—Cook, Winston 
Salem, North Carolina, USA), with positioning of the guidewire under 
endoscopic control. Vital staining with multiple biopsies and brush 
cytology of the oesophageal mucosa were routinely performed to 
exclude malignancy. 

Studies of oesophageal function were performed before operation 
in 42 patients. A motility disorder of the oesophageal body was shown 
by manometry in 16 individuals (38 per cent): in nine women the 
manometric pattern was typical of scleroderma and in the remaining 
seven patients a non-specific motor abnormality was detected. 
Mean(s.d.) resting pressure of the lower oesophageal sphincter 
was significantly lower in patients with motility disorders than in 26 
healthy control subjects (7:1(3-4) versus 23:3(7-2) mmHg, P < 0-001). 
Abnormal oesophageal acid exposure was observed using a standard 
acid reflux test or 24-h oesophageal pH monitoring in 37 patients 
(88 per cent). 

Table 1 shows the primary surgical procedure performed and 
associated oesophageal conditions in the 65 patients. Primary surgical 
treatment was conservative in 50 patients (77 per cent) and consisted 
of fundoplication in 36, Collis gastroplasty plus fundoplication in ten 
and total duodenal diversion in four. Intraoperative retrograde 
dilatation through a gastrotomy was performed in 19 patients. 

The fundoplication wrap was partial in 32 patients (30 Toupet, two 
Dor), total in four (Nissen—Rossetti) and combined with a Collis 
gastroplasty in ten. The Toupet procedure consisted of posterior 
hemifundoplication encircling the distal oesophagus for at least 180°. 
Most of these operations were performed through a laparotomy; a 
transthoracic approach was used to perform a Collis—Nissen 
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fundoplication in two patients. Total duodenal diversion consisted of 
partial gastrectomy and Roux-en-Y gastrojejunostomy in three patients. 
In the fourth, who had previously undergone partial gastrectomy, the 
afferent limb of a Billroth H gastrojejunostomy was sectioned and an 
end-to-side anastomosis fashioned 50cm distally. Bilateral truncal 
vagotomy was added in these patients. Patients who had conservative 
surgery and needed reoperation or who underwent repeated dilatation 
beyond the first year of follow-up were considered failures of treatment. 

Oesophageal resection was performed as a primary procedure in 
15 patients (23 per cent). In five, near-total oesophagectomy was 
performed without thoracotomy. The continuity of the alimentary tract 
was re-established using the colon (nine patients), the stomach (four) 
or the jejunum (two). The anastomosis was intrathoracic in ten patients 
and cervical in five. 

The Mann-Whitney U test was used for statistical analysis. 


Results 


The postoperative mortality rate was 5 per cent; two patients 
died from necrosis of the intrathoracic colon transplant and 
one from acute pancreatitis after a Toupet fundoplication. The 
morbidity rate was 3 per cent; a minor leakage occurred from 
one Collis gastroplasty tube and from one intrathoracic 
oesophagocolic anastomosis. Both patients were successfully 
treated with prolonged nasogastric decompression, H,-receptor 
antagonists and broad-spectrum antibiotics. 

The median follow-up was 25 (range 6-120) months. Three 
patients died from unrelated disease 8, 11 and 37 months after 
operation. One patient died from squamous cell oesophageal 
cancer 78 months after successful fundoplication; 4 months 
earlier this patient had been treated by prosthetic intubation 
because of local tumour spread and high operative risk. 

The need for subsequent dilatations was markedly reduced 
in patients undergoing conservative surgery. The median 
(range) number of dilatations per patient per year decreased 


Table 1 Details of primary surgical procedures and associated 
oesophageal conditions in 65 patients 





Previous Barrett’s 
No. surgery Scleroderma oesophagus 
Fundoplication 
Toupet 28 2 5 4 
Nissen—Rossetti 6 i 0 2 
Dor 2 0 0 
Gastroplasty plus 
fundoplication 
Collis—Nissen 8 0 1 2 
Collis-Toupet 2 1 2 0 
Total duodenal 4 4 0 1 
diversion 
Oesophageal resection 15 2 1 3 


from 3 (1-8) to 0 (0-4) (P < 0-001). Only eight patients 
underwent further dilatation after the first year of follow-up. 

The results of fundoplication were satisfactory in 27 of the 
36 patients (75 per cent). Nine patients presented with persistent 
or recurrent symptoms (Table 2); three, including one with 
scleroderma, had gastro-oesophageal reflux demonstrated on 
pH studies after a Toupet fundoplication and were treated with 
medical therapy and repeated dilatation. Six of these nine 
required reoperation for intractable symptoms. Four patients 
with persistent dysphagia secondary to an irreversible stricture 
and one with scleroderma underwent oesophageal resection 
and reconstruction using colon (two patients), stomach (two) 
or jejunum (one). Near-total oesophagectomy with cervical 
oesophagogastrostomy was performed without thoracotomy in 
two patients. One patient with severe reflux symptoms after 
partial fundoplication underwent total duodenal diversion. Of 
interest is that five of the six patients who required further 
surgery had a long (>2 cm) and tight (<10 mm) stricture on 
initial endoscopy (Table 2). 

The clinical results of the Collis fundoplication procedures 
were satisfactory in all ten patients. Of the four who underwent 
total duodenal diversion, one complained of mild dyspepsia 
caused by delayed gastric emptying. Regression of Barrett’s 
epithelium was not observed after any conservative surgical 
procedure. 

There were no deaths following reoperation after conserva- 
tive surgery. A minor leak from the intrathoracic oesophago- 
gastric anastomosis in one patient healed with medical therapy. 

The clinical results of oesophageal reconstruction were 
satisfactory in the 18 patients (13 primary, five secondary 
procedures) who survived the operation. Of these patients, five 
required one to four postoperative dilatations for a cervical 
(three) or intrathoracic (two) anastomotic stricture; all patients 
received dilatation within the first year of follow-up. 
Pathological examination of the resected specimen confirmed 
the preoperative diagnosis of specialized columnar-lined 
epithelium with severe dysplasia in one of the patients who 
died from necrosis of the colon transplant. 


Discussion 

Current surgical options for treatment of reflux stricture of the 
oesophagus include a variety of ocesophagus-sparing operations: 
partial and total fundoplication, Collis gastroplasty plus 
fundoplication and total duodenal diversion. Oesophageal 
resection is usually reserved for patients with undilatable 
strictures or after the failure of conservative techniques. 

The generally applied criteria for selecting the most 
appropriate surgical procedure are oesophageal length, as 
determined by conventional barium swallow study, stricture 
length, as measured endoscopically, and the degree of fibrosis, 


Table 2 Clinical data of nine patients in whom primary fundoplication was unsuccessful 





Stricture Lower oesophageal 
sphincter pressure 

Patient Length Diameter Type of after operation Gastro-oesophageal 
no. (cm) (mm) Associated disease fundoplication (mmHg) reflux Reoperation 
1 1 4 — Toupet 65 Yes = 
2 2 ii — Toupet 9 Yes — 
3 1 10 Scleroderma Toupet na. Yes — - 
4 1 11 Scleroderma Toupet i 6 Yes Oesophagogastroplasty 
5 2 8 Barrett’s oesophagus Toupet 8-3 Yes Total duodenal diversion 
6 2 6 Barrett’s oesophagus Toupet ih No Ocesophagojejunoplasty 
7 4 l — Toupet na No Oesophagocoloplasty 
8 5 1 — Toupet 13 No Oesophagocoloplasty 
9 3 8 Kyphoscoliosis Nissen 18 No 





n.a., Not available 
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as felt on preoperative dilatation. Unfortunately, no other 
investigations are available to date to measure the degree of 
transmural fibrosis, although endoscopic ultrasonography may 
prove to be of value. This makes it difficult to predict the need 
for oesophageal resection and may in part account for the 
reported treatment failures with conventional antireflux 
operations*. apts 

Despite the lack of controlled trials comparing dilatation 
and surgical treatment in long-term follow-up, the addition of 
an antireflux repair after proper dilatation seems more 
reasonable than lifelong endoscopic dilatation and medication 
in selected patients with reflux-induced oesophageal stricture. 
The present study shows that antireflux surgery favourably 
affects the natural history of the disease by reducing the need 
for subsequent dilatation. However, a full-thickness stricture 
can restenose even if a successful antireflux procedure 
accompanies dilatation, and this was indeed the cause of a failed 
fundoplication in four patients of the present series. These 
patients required oesophageal resection to obtain symptomatic 
relief. 

On the other hand, partial fundoplication, such as the 
Toupet procedure, may be inadequate to prevent reflux. 
Deterioration of the valve over time has been demonstrated in 
a prospective study of this technique using 24-h oesophageal 
pH monitoring’. 

It is suspected that unrecognized longitudinal tension on 
the antireflux repair could have adversely affected the outcome 
of the partial fundoplication in two patients in the present series 
who required reoperation and in three who were treated 
medically. The results with the Collis fundoplication have been 
satisfactory, even in patients with scleroderma, supporting the 
hypothesis that oesophageal shortening can contribute to the 
failure of standard antireflux procedures by precluding 
adequate mobilization of the cardia’ *. Although a good 
mediastinal dissection at laparotomy is mandatory to achieve 
a sufficient length of intra-abdominal oesophagus’, this 
manoeuvre alone may not be successful in the presence of 
pericesophagitis or true oesophageal shortening. The Collis 
gastroplasty can be performed easily through the abdominal 
approach using a circular stapler to suture both gastric walls 
at the distal limit of the proposed gastric tube and then applying 
the GIA stapler (US Surgical, Norwalk, Connecticut, USA) 
parallel to the lesser curve with a calibrating bougie inside the 
visceral lumen’. 

Total duodenal diversion has proven effective in the present 
series, although the number of patients is too small to warrant 
further comment. This indirect approach to the treatment of 
oesophageal stricture provides effective acid suppression and 
diversion of duodenal contents!°~'*; it is particularly indicated 
when neither the distal oesophagus nor the proximal stomach 
is approachable because of a dense inflammatory reaction to 
previous surgery or when no fundus is available for plication 
owing to previous gastric resection. If the vagus nerves cannot 
be reached and identified at laparotomy, vagotomy may be 
performed by opening the diaphragm anterior to the 
oesophageal hiatus or through a left thoracotomy. Thoraco- 
scopic vagotomy is a promising alternative’®. When the gastric 
remnant has one-third or less of the original capacity of the 
stomach, vagotomy may be avoided, but this choice will 
probably require lifelong pharmacological therapy to prevent 
the occurrence of a marginal ulcer!?. 

Improvements in the technique of endoscopic dilatation 
have relegated the use of resection to a restricted subgroup of 
patients. Resection remains necessary when adenocarcinoma 
arising from Barrett’s oesophagus is strongly suspected*® 7 or 
when the frequency of dilatation interferes with the patient’s 
lifestyle; this usually occurs in individuals with multiple 
previous operations or a severe oesophageal motility 
disorder!®*°, The decision to perform resection at the first 
operation is difficult because there are no absolute objective 
criteria to establish whether the patient could benefit from an 
initial conservative approach. Although the long-term results 


Br. J. Surg., Vol. 80, No. 3, March 1993 


Reflux stricture of the oesophagus: L. Bonavina et al. 


of colon interposition are excellent?!, the incidence of necrosis 
is about 10 per cent??. It is agreed with others?:!®!9 that the 
stomach can be safely used as an oesophageal substitute, 
provided that anastomosis is performed at the apex of the chest 
or in the neck. 

It can be concluded that antireflux surgery may favourably 
influence the natural history of oesophageal stricture. To 
achieve this, surgical treatment should be undertaken early in 
the course of the disease to avoid progressive transmural fibrosis 
and further functional damage secondary to repetitive 
dilatation. Subtle oesophageal shortening, undetected before 
or during operation, may be more frequent than generally 
appreciated and may explain the high failure rate in patients 
undergoing standard fundoplication. 

Most patients with a short and easily dilatable stricture can 
be successfully treated with a Toupet or Nissen—Rossetti 
fundoplication in an early stage of disease. A partial wrap is 
preferable in those with scleroderma to prevent oesophageal 
obstruction. The Collis fundoplication and total duodenal 
diversion are better surgical options in patients with suspected 
oesophageal shortening or previous oesophagogastric surgery 
respectively. Resection should be reserved only for patients with 
long and undilatable strictures, advanced scleroderma, multiple 
previous operations, and severe dysplasia or adenocarcinoma 
in Barrett’s oesophagus. Transhiatal oesophagectomy represents 
an excellent surgical approach in such patients. 
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Treatment of oesophageal cancer in this department usually 
involves a three-stage procedure including a right thoracotomy 
to determine the degree of oesophageal resection and the stage 
of the tumour. This is followed by laparotomy to create a gastric 
tube and a left-sided cervical incision to allow the resection and 
creation of the cervical anastomosis. Since May 1991, eight 
oesophagectomies for cancer have been performed using 
thoracoscopy instead of a thoracotomy; this article describes 
the technique and preliminary results. 


Surgical technique 


From May 1991 to March 1992, eight patients (six men and two 
women; mean age 60 (range 43-72) years) underwent oesophagectomy 
for cancer in which thoracotomy was replaced by thoracoscopy. The 
site of the tumour was the upper third of the oesophagus in one patient, 
the middle third in five and the lower third in two. None of the patients 
received preoperative chemotherapy or radiotherapy. All underwent 
surgical thoracoscopy as the first step. 

General anaesthesia was performed with a double-lumen endo- 
tracheal tube. Patients were placed in a left lateral decubitus position 
with a tilt to the right. The arm was kept in abduction to ensure 
maximal superior displacement of the scapula. Five cannulas were 
placed as shown in Figure 1. The first cannula was inserted in the fifth 
intercostal space below the lower pole of the scapula. Carbon dioxide 
insufflation to a maximum pressure of 6 mmHg was used. 
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Figure 1 Site of insertion of thoracoscopic cannulas. Two posterior 
cannulas (12 mm in diameter) are used for introduction of the grasping 
forceps and/or loops. Two anterior cannulas (12 mm in diameter) allow 
the insertion of grasping forceps, coagulating scissors, clip applicators 
and the Endo-GIA. The cannula sited below the pole of the scapula is 
used for the introduction of the 10-mm telescope and the Endo-Clip (US 
Surgical) or Endo-GIA . 


The combined effect of insufflation, selective aspiration of air from 
the right lung by the endotracheal tube and gentle mechanical 
compression of the lung by the laparoscope resulted in complete 
collapse of the right lung. 

The first step in the procedure is the evaluation of the local extent 
of the tumour. The mediastinal and parietal pleura is dissected using 
coagulation scissors to enable a loop to be passed around the 
oesophagus. 

The oesophagus is then pulled up to expose its vessels, which are 
clipped or coagulated. Division of the azygos vein is performed by 
application of an Endo-GIA (US Surgical, Norwalk, Connecticut, 
USA) stapler. Paraocesophageal and paratracheal lymph nodes are 
completely dissected and removed. After complete mobilization of the 
oesophagus, a short transverse laparotomy incision is created to allow 
formation of a gastric tube by excision of the lesser curvature, and full 
gastric mobilization. The cervical oesophagus is mobilized through a 
neck incision and the gastric tube brought up for manual creation of 
a cervical anastomosis. The thoracic oesophagus was completely 
mobilized thoracoscopically in seven patients. The eighth patient 
required transhiatal digital mobilization. 


Results 


The mean time required to perform thoracoscopy was 180 min. 
The mean operative blood loss during endoscopic dissection 
was 600 (range 400-800) ml. There were no deaths. 

The only peroperative difficulties were a request from the 
anaesthetic team for intermittent pulmonary re-expansion and 
one case of haemorrhage from an intercostal artery caused by 
passage of a cannula. 
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One patient developed a pulmonary infection and, 
approximately 2 days after surgery, six others showed 
radiological evidence of oedematous lesions on the right side 
resulting from poor pulmonary re-expansion. One patient 
developed an anastomotic fistula confirmed by water-soluble 
contrast swallow. 


Discussion 

Thoracoscopy applied as the first step in the treatment of 
oesophageal cancer is a useful technique to evaluate the local 
extent of disease and therefore the resectability, so as to avoid 
a fruitless exploratory thoracotomy with its complications!~*, 
Thoracoscopy enables individual planning of surgery with the 
minimum of surgical traumat. Also, the oesophagus is easily 
freed under thoracoscopic visualization*®. This seems to be 
more effective than any other resection with a closed thorax, 
and reduces the potential for complications’:®. Finally, this 
approach allows an identical oncological clearance to other 
methods. Further experience is necessary to allow statistically 
significant comparison. Further development of percutaneous 
instrumentation and increasing experience should reduce the 
time required for thoracoscopy, and should improve the 
accuracy of staging and the completeness of resection. 
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Monofilament versus 
multifilament absorbable sutures 
for abdominal closure 


This study compares monofilament continuous absorbable sutures with 
multifilament interrupted absorbable sutures for abdominal closure. 
Before closure of an abdominal incision, 988 patients were randomized 
to receive either a monofilament polyglyconate (Maxon) or a 
multifilament polyglactin 910 (Vicryl) suture. At 1 year after operation, 
684 patients (69 per cent) were examined for the presence of incisional 
hernia, sinus and other wound-healing problems; 179 (18 per cent) had 
died and 125 (13 per cent) did not attend for follow-up. Incisional hernia 
occurred in 8 per cent of patients receiving monofilament continuous 
sutures compared with 6 per cent of those having multifilament 
interrupted closure (P not significant). Wound dehiscence occurred in 
1 per cent of both groups. The mean time for suturing was 7:1 min for 
monofilament continuous and 8-7 min for multifilament interrupted 
sutures (P < 0-001). It is concluded that closure of an abdominal incision 
can be effected by a monofilament continuous absorbable suture more 
quickly than by multifilament interrupted absorbable sutures without an 


Danderyd, Sweden 


Secure wound closure is essential for an uncomplicated and 
appropriate recovery after abdominal surgery. The most serious 
wound complications are dehiscence, incisional hernia and 
infection. These complications are closely related to the 
condition of the patient, type of incision, suturing technique 
and material used for suturing. The best method of wound 
closure is one that provides adequate tensile strength to the 
tissue until the wound is healed, permits normal healing and 
remains secure even in the presence of infection’. Non- 
absorbable multifilament sutures have a higher incidence of 
wound infection and sinus formation’~*. A continuous suture 
has the advantage of even distribution of tension across the 
suture line and is a faster method of closure; a disadvantage is 
that closure relies on a single suture line. The multiple 
interrupted suture is safe and has been in use for many years, 
but has the disadvantages of being time consuming and 
producing an uneven tension in the wound tissues*. Thus, it is 
still disputed which technique and which suture material are 
preferable for wound closure>*®. 

The purpose of the present study was to compare a 
monofilament continuous absorbable suture with a multi- 
filament interrupted absorbable suture by recording the 
incidence of wound dehiscence and incisional hernia, and the 
time required for suturing. 


Patients and methods 


Patients 

The study group comprised 988 consecutive patients who underwent 
abdominal surgery; emergency cases were included. Experience varied 
greatly among the 25 surgeons who performed the operations. Patients 
with muscle-splitting incisions were excluded. Immediately before 
closure of the abdominal incision patients were randomized using sealed 
numbered envelopes to receive either a monofilament continuous 
absorbable or a miultifilament interrupted absorbable suture. 
Randomization was not stratified, 

The age, sex, weight, height, haemoglobin level, presence of 
malignancy at surgery, previous radiotherapy, use of steroids and signs 
of infection at surgery were noted, as was the time required to close the 
abdominal wall, including the tying of knots, measured with a 
stopwatch. Patients were divided into five different groups with regard 
to the type of surgery and into four groups regarding the type of 
incision. They were asked to attend 1 year after surgery for follow-up 


increased risk of wound dehiscence or incisional hernia. 


examination. At this visit any reoperations, the presence of incisional 
hernia and postoperative dehiscence, infection, suture granuloma and 
other wound-healing problems were recorded. The abdominal scar was 
measured; the scar length was considered to be the same as the wound 
length. Incisional hernia was recorded as a protrusion in,the wound, 
revealed on careful examination when the patient lifted the legs upward 
while lying in the supine position. The record sheet used at the follow-up 
examination did not reveal the suturing technique to the examiner. 

The protocol was approved by the ethical committee at Karolinska 
Institute. 


Materials 
For monofilament continuous closure the absorbable suture material 
used was polyglyconate (Maxon size 0; Davis and Geck, Gosport, 
UK). At the beginning of the continuous suture a half blood-knot was 
made and the suture ended with an Aberdeen knot”®. Surgeons were 
instructed to perform the suture with large bites and close stitches. 
In the multifilament interrupted group the material was polyglactin 
910 (Vicryl size 0; Ethicon, Norderstedt, Germany) with interrupted 
far-and-near sutures and ordinary surgical knots; this was previously 
the standard suturing technique in the department. 


Statistical analysis 

Significance of differences was evaluated by the Mann-Whitney U test, 
Fisher’s exact test and y? analysis. Data are presented as mean(s.d.). 
P <0-05 was considered significant. 

To calculate the power of the study, it was assumed that a difference 
in the incidence of hernia of 5 per cent in one group and 10 per cent 
in the other would be clinically relevant. For a significance level of ' 
a = 0-05 and $ = 0-1, approximately 400 patients per group would be 
required. With this number of patients a difference in the frequency of 
burst abdomen of 1-4 per cent could also be confirmed as significant. 
Approximately 500 patients were entered in each group. 


Results 


Of the 988 patients in the study, 684 (69 per cent) were available 
for follow-up 1 year after surgery; 179 patients (18 per cent) 
had died and 125 (13 per cent) did not attend for follow-up. 
None of the patients who died was reported to have had a 
hernia or dehiscence. The clinical features of the two groups 
were similar (Table 1). 

Hernia occurred in 28 patients (8 per cent) receiving 
monofilament continuous sutures compared with 21 (6 per cent) 
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of those with multifilament interrupted closure (P not 
significant). Wound dehiscence occurred in four patients 
(1 per cent) and in three (1 per cent) respectively. The incidence 
of wound infection was 10 per cent (35 patients) in the 
monofilament continuous and 11 per cent (37) in the 
multifilament interrupted group. No sinus formation was 
reported (Table 2). 

The mean(s.d.) time for suturing was 7-1(3-6) min in patients 
receiving monofilament continuous sutures and 8-7(4-3) min in 
those with multifilament interrupted closure (P < 0-001). 
Mean(s.d.) suturing time related to the incision length was 
0-49(0:24) and 0-57(0-25) min/cm respectively (P < 0-001) 
(Table 2). 

The distribution of complications with different types of 


Table 1 Details of 684 patients undergoing abdominal surgery 








Monofilament Multifilament 
continuous interrupted 
closure closure 
No. of patients 345 339 
Age (years )* 58(17) 58(17) 
Sex ratio (M:F) 118:227 135:204 
Height (cm)* 169(8) 170(10) 
Weight (kg)* 70(20) 73({21) 
Plasma haemoglobin level (g/1)* 135(18) 138(16) 
Emergency procedure 94 89 
Malignancy 65 60 
Infection present at surgery 33 21 
Preoperative diabetes, use of 14 2R 
steroids, abdominal radiation 
Type of surgery 
Upper gastrointestinal tract 54 59 
Hepatopancreatobiliary 143 141 
Lower gastrointestinal tract 123 122 
Vascular 11 11 
Other 14 6 





* Values are mean(s.d.). There were no significant differences between 
groups 


Table 2 Follow-up of 684 patients 1 year after abdominal surgery 








Monofilament Multifilament 

continuous interrupted 

closure closure 

(n = 345) (n = 339) P 
Dehiscence 4 3 n.s.t 
Incisional hernia 28 21 ns.t 
Wound infection 35 37 ns.f 
Incision (cm)* 15:2(4:8) 15-4(4:9) ns.f 
Suturing time (min)* 71(3-6) 8-7(4:3) <0-001f 
Suture rate (min/cem)*  0°49(0-24) 0-57(0-25) <0-001f 





* Values are mean(s.d.). t Fisher’s exact test; { Mann-Whitney U test; 
n.s., not significant 


Table 3 Type of incision in 684 patients undergoing abdominal surgery 


Monofilament continuous closure 
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incision is shown in Table 3. There were 13 cases (4 per cent) 
of hernia but none of dehiscence in patients with a subcostal 
incision. Complications were most common in midline 
incisions, with 31 cases (10 per cent) of hernia and five of 
dehiscence (2 per cent). After paramedian incision there were 
five hernias (7 per cent) and two dehiscences (3 per cent). There 
was no significant difference between the midline incision and 
all the other types of incision. 


Discussion 

Closure of different types of abdominal incision may be 
performed in a multitude of ways®!°. New materials and 
sutures are regularly introduced. In Sweden, two of the most 
common abdominal closure techniques use multifilament 
interrupted absorbable and monofilament continuous absorb- 
able sutures. These two techniques were compared in the 
present study. Continuous suture with a multifilament 
absorbable thread was not chosen because this combination 
results in a higher incidence of incisional hernia>; non- 
absorbable sutures were not used, to avoid the potential 
problems of late sinus and suture-related wound pain. 

This prospective randomized study of patients, which 
included those undergoing both elective and urgent operations, 
has shown no significant differences in rates of wound 
dehiscence or hernia between the continuous and interrupted 
methods of wound closure. The numbers followed at 1 year in 
each group did not reach the target set by the power calculation. 
However, it was not considered necessary to recruit more 
patients because the hernia rate was lower than the 10 per cent 
assumed in the power calculation and the difference between 
the groups was much less than the 50 per cent reduction 
assumed. A very much larger study would be required to 
determine whether a difference between 6 and 8 per cent is 
statistically significant, and such a difference is unlikely to be 
clinically important. The reason for the lower than expected 
number of patients at follow-up was a combination of failure 
to attend and a high 1-year mortality rate ({8 per cent). 
Emergency operations accounted for 27 per cent of the 
procedures included in the study. This may explain the high 
mortality rate observed at 1 year. 

The dehiscence rate of 1 per cent for both methods is similar 
to those of other reports':?+-9-1!_ The incidence of incisional 


hernia at 1-year follow-up was similar in the two groups, at 8 


and 6 per cent. The incidence of hernia in most reviews? is 
between 5 and 10 per cent, but follow-up is often shorter than 
in this study. 

The midline incision resulted in a 12 per cent incidence of 
hernia and dehiscence compared with 4 per cent for subcostal 
or transverse incisions and 10 per cent for the paramedian 
incision, but there were no differences with each type of incision. 
related to wound closure technique. 

Some hernias in the patients receiving monofilament 
continuous closure at the start of the study could have resulted 
from the use of an unfamiliar suturing and knotting technique. 
Use of a suture three times the length of the incision was 
recommended to ensure that tissue bites were deep enough. 


Multifilament interrupted closure 














Type of incision No. Hernia Dehiscence No. Hernia Dehiscence 
Midline 148 20 4 155 11 1 
Paramedian 39 1 0 32 4 2 
Subcostal or transverse 155 7 0 148 6 0 
Other 3 0 0 4 0 0 
Total 345 28 4 339 ai 3 
There were no significant differences between groups (x° test) 
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However, Jenkins’? has shown that a length of at least four 
times the wound length is desirable. A longer suture:wound 
length ratio might have reduced the incisional hernia rate in 
this group. 

The two methods were found to be equal regarding 
wound-healing problems, but monofilament continuous 
suturing was faster. The suture used in the monofilament 
continuous group is now available in loop form, making the 
first knot unnecessary, which may further shorten the suturing 
time. 

In conclusion, closure of an abdominal incision with a 
monofilament continuous absorbable suture was faster than 
that with a multifilament interrupted absorbable suture, with 
no increase in the rate of wound dehiscence or hernia. 
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Early gastric cancer: follow-up 
after gastrectomy in 159 patients 


The postoperative course of 159 patients with early gastric cancer 
operated on between 1974 and 1987 was followed for a median of 7-3 
years. The cumulative 10-year survival rate(s.e.) calculated using 
follow-up data to the end of 1989 was 90-6(2:7) per cent excluding 
operative death and that from causes other than gastric cancer, or 
86-3(3-0) per cent when operative mortality was included. The overall 
10-year survival rate(s.e.) was 77-3(3-7) per cent. Univariate analysis 
showed a significant difference in survival rates between cancers confined 
to the mucosa and those with submucosal invasion (P = 0-02), between 
patients with and without lymph node metastases (P = 0-05) and 
between those <50 and >50 years of age (P = 0-02). Using Cox 
multivariate analysis and a stepwise procedure for eight variables (sex, 
age, depth of invasion, lymph node metastases, presence of ulceration, 
location, histological type, type of surgery), age and histological type 
had the most significant effect on survival. Seven operative deaths were 
recorded. Eleven patients died from recurrent cancer and one is still 
alive with a gastric remnant recurrence. Other causes of death were 
metachronous primary cancer (six patients), cardiovascular disease 
(two), pneumonia (three), sepsis (one) and car accident (one). Although 
the prognosis of early gastric cancer is relatively good in western 
countries, patients should be carefully followed over a long period for 
late recurrence and for metachronous cancer, which has a high incidence. 


In Japan the proportion of early gastric cancers (EGCs) treated 
has risen! from 9-4 per cent for the period 1963-1966 to 
43-8 per cent during 1979-1987. In the USA? the overall 
proportion of gastric cancers diagnosed early is only 3-7 per cent 
and European series? report a value <10 per cent. In Italy* 
there has been a clear increase in the diagnosis of EGC, from 
6 per cent in 1980 to about 12 per cent in 1985. 

Curative endoscopic treatment of EGC, either by endoscopic 
excision or laser therapy, has been reported*-®, but is reserved 
strictly for selected indications (about 10 per cent of EGCs) 
and is possible only after preoperative assessment of the depth 
of tumour invasion and lymph node involvement by endo- 
sonography’. 

Two main types of operative procedure are employed for 
the treatment of EGC: subtotal (or distal) and total 
gastrectomy. Controversy still exists regarding the choice of the 
most suitable procedure. The number of proximal gastrectomies 
performed for EGC of the upper third of the stomach is 
decreasing because of the poor outcome if anastomotic leakage 
develops!® and because of a high rate of local recurrence 
resulting in a significantly lower 5-year survival rate in 
comparison with total gastrectomy!!+!?, 

The results of long-term follow-up studies for EGC are just 
beginning to appear. This paper reports a 10-year follow-up 
study of 159 surgically treated patients with EGC. 


Patients and methods 


Between 11 June 1974 and 30 November 1987, 171 patients with EGC 
underwent operation in six central Italian surgical departments by the 
senior author or surgeons trained by him. This represents 14-4 per cent 
of the 1186 gastric cancers of all types treated in the six units over the 
same period. The diagnosis of EGC was made according to the criteria 
of the general rules for gastric carcinoma from the Japanese Research 
Society for Gastric Cancer (JRSGC)!*-'*, Twelve patients with two or 
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more tumours in the stomach were excluded, leaving 159 cases of single 
EGC for analysis. ` 

A total of 68 cases of EGC were diagnosed in the first 7 years, the 
other 91 in the last 7. The difference between the two periods is probably 
related only to better diagnosis and does not represent an increase 
in incidence. Diagnosis was made by radiology in six patients 
(3-8 per cent), at endoscopy in 58 (36-5 per cent) and after operation 
in the remaining 95 (59-7 per cent). Based on preoperative endoscopic 
biopsy, 91 of these 95 patients were diagnosed as having stomach 
cancer; in four with negative biopsy the preoperative diagnosis was 
gastric ulcer. 

All 28 patients with cancer of the upper third of the stomach 
underwent total gastrectomy with lymphadenectomy involving gastric 
and perigastric nodes (groups 1 and 2 nodes according to the JRSGC; 
R, resection). Forty patients with tumours in the inferior two-thirds 
of the stomach underwent tota! gastrectomy—R,, the remaining 91 
subtotal gastrectomy with incomplete dissection of the gastric and 
perigastric nodes (Ro; ). Resected specimens were prepared, fixed and 
sectioned according to the rules of the Japanese Research Society 
Committee on histological classification of gastric cancer‘*. 


Follow-up 


Patients were seen 6 months after operation and yearly thereafter. Each 
patient underwent both clinical and laboratory assessment, including 
endoscopy with biopsy. Many patients were evaluated by upper 
gastrointestinal radiography, ultrasonography, radionuclide scan, 
computed tomography, magnetic resonance imaging and nutritional 
interview. Demographic information available on 31 December 1989 
was used. No patient was lost to follow-up. The follow-up ranged from 
2 to 15 (median 7:3) years. 

Patient charts, operation notes and histopathology reports of the 
resected specimens were reviewed. The 159 tumours were macro- 
scopically subdivided into ulcerated (IIc, DI, Ila + Ilc, IIc + Ia, 
He + HI, IH + Hc) and non-ulcerated (1, Ha, Hb, Ma + Hb) types; 
mixed lesions were classified according to the predominant macroscopic 
pattern. Microscopic division into intestinal and non-intestinal types, 
the latter including diffuse, mixed and unclassified EGC, was according 
to Laurén'*. Depth of invasion was also studied microscopically, 
distinguishing the forms affecting only the mucosal layer from those 
also involving the submucosa. 
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Statistical analysis 

Estimates of the cumulative 10-year survival probabilities were 
calculated according to the Kaplan—Meier’® method for the entire 
series (159 patients), and after excluding operative mortality (152), 
mortality from other causes (146), and both operative and other causes 
of mortality (139). The endpoint in the analysis was death from any 
cause. 

Univariate analysis (Kaplan-Meier method ) was used to calculate 
the cumulative 5- and 10-year survival probabilities in relation to the 
following eight clinical and histopathological variables: age (<50, 
51—57, 258 years), sex, tumour location (upper, middle and lower 
thirds), macroscopic type (ulcerated, non-ulcerated ), depth of invasion 
(mucosal, submucosal), histological type (intestinal, non-intestinal), 
presence or absence of lymph node metastasis, and type of surgery 
(total gastrectomy—R, or subtotal gastrectomy— Roy; ). The difference 
between curves was assessed using the log rank test!’; estimated relative 
hazards and their 95 per cent confidence intervals were calculated by 
treating each life-table interval as a separate stratum and comparing 
the two life-tables within each stratum according to the Mantel- 
Haenszel procedure’®. 

Because these variables are simultaneously related to the prognosis 
of EGC, multivariate analysis was performed using the Cox 
proportional hazards model'*. The relative risk for each significant 
variable was then calculated by considering favourable or unfavourable 
values of that variable, assuming that other variables were at their 
mean value. Risk ratios were then obtained for each single significant 
variable of the Cox proportional hazards model. The risk ratio indicates 
how many times the death risk of the unfavourable variable is higher 
than that of the favourable one. 

Finally, hazard ratios were calculated. These are prognostic indices 
indicating the risk of death for a patient with a given set of values of 
the significant variables compared with that of a patient who has a 
mean value for every variable. 


Results 


The ages of the patients with EGC ranged from 24 to 76 (mean 
55-3) years. The male:female ratio was 1-27:1. In all, 28 of the 
lesions (17:6 per cent) were located in the upper third of the 


stomach, 62 (39-0 per cent) in the body and 69 (43-4 per cent) 
in the antrum (Table1). Histological analysis showed 
non-ulcerated type in 47 lesions (29-6 per cent) and ulcerated 
in 112 (70-4 per cent). Depth of invasion was restricted to the 
mucosa in 55 patients (34-6 per cent) and in 104 (65-4 per cent) 
was as far as the submucosa but not beyond. Microscopically, 
73 tumours (45-9 per cent) were of non-intestinal and 86 
(54-1 per cent) of intestinal type. No age difference was detected 
between patients with EGC of intestinal and non-intestinal 
types (x? = 0-14; 2 d.f., P = 0-9). The presence of lymph node 
metastasis was demonstrated in 32 patients (20-1 per cent). The 
incidence of lymph node metastasis in mucosal cancer was 
9 per cent and in submucosal cancer 26 per cent. 

The surgical procedure was total gastrectomy—R, in 68 
patients (42:8 per cent) and subtotal gastrectomy—Ro,, in 91 
(57-2 per cent). The operative mortality rate was 4-4 per cent 
(seven patients ): three deaths occurred after total gastrectomy- 
R, and four after subtotal gastrectomy—Ro,,. Of the 159 
patients with EGC, 128 were alive at the end of follow-up, an 
overall crude survival rate of 80-5 per cent. 

Death was from recurrence of gastric cancer in 11 patients 
and other causes in 13. In the former group, three deaths 
occurred after total gastrectomy—R, (one hepatic and lymph 
node recurrence, one hepatic metastasis, one peritoneal 
dissemination ) and eight after subtotal gastrectomy—Ro,, (four 
gastric remnant recurrence, two hepatic metastasis, one lymph 
node metastasis and peritoneal dissemination, one peritoneal 
dissemination alone). In the latter group, three deaths were 
recorded after total gastrectomy—R, (one myocardial infarc- 
tion, one primary breast cancer, one car accident) and ten after 
subtotal gastrectomy—Ro,, (two primary lung cancer, three 
primary colonic cancer, one myocardial infarction, three 
pneumonia, one sepsis). One patient in the group undergoing 
subtotal gastrectomy—Ro,, was alive with gastric remnant 
recurrence 3 years after the initial operation at the time of 
follow-up. 


Table 1 Univariate analysis of eight factors related to the prognosis of early gastric cancer based on the Kaplan-Meier method 





Survival rate (%) Estimated relative 





hazard (95% 





No. Deaths 5 years 10 years P* confidence interval) 

Sex 

M 89 18 82 76 | 0-82 1-00f 

F 70 13 83 78 0-90 (002-38-46) 
Age (years) 

<50 48 3 96 91 1 

51-57 56 14 76 70 0-02 5-05 (1:32-19:19) 

258 55 14 77 72 4-97 (1:31-18-86) 
Depth of invasion 

Mucosal 55 5 92 88 } 0-02 100t 

Submucosal 104 26 78 72 3-18 (1-11-1919) 
Histological type 

Intestinal — 86 10 80 70 } 0-07 1-00f 

Non-intestinal 73 21 85 85 j 0-49 (œ20-1:23) 
Lymph node metastasis 

Negative 127 20 85 82 } 0-05 1-00t 

Positive 32 11 75 63 2°55 (1:01-6:45) 
Macroscopic type 

Ulcerated 112 19 84 81 1-00f 

Non-ulcerated 47 12 80 3 0:23 0-61 (0-23~-1-61) 
Location 

Antrum 69 14 82 76 1 

Body 62 13 83 75 0-75 0-62 (0-09-4-25) 

Upper third 28 4 84 84 0-95 (0:29-3:07) 
Type of surgery 

Total gastrectomyt 68 9 88 86 0-08 1-00t 

Subtotal gastrectomy§ 91 22 79 7h 1-78 (0-64—5-00) 





*Log rank test; treference category. {| With lymphadenectomy involving gastric and perigastric nodes (R3); §with incomplete dissection of gastric 


and perigastric nodes (Ro;;) 
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0 20 40 60 80 100 120 
No- at riek Time after operation (months) 
All 145 135 116 105 89 52 
Excl. op. 145 130 123105 80 78 52 
Excl. non-op. 124110 87 
Excl. op. and other 137 127 87 80 


Figure 1 Cumulative 10-year survival: W, all patients (o = 159); A, excluding operative deaths (n = 152); @, excluding deaths from other causes 
(n = 146); ©, excluding operative deaths and those from other causes (n = 139) 


Table 2 Factors influencing the effect on survival of the other 
concomitant variables: Cox proportional hazards model, stepwise analysis 
adjusted for depth of invasion 





Risk estimate 
(95% confidence interval) 





Age 2:34 (1:17-4-69) 
Histological type 4-48 (1-25-1609) 





Global x? = 14-10, 3 d.f., P = 0-002 


Table 3 Determination of risk ratios for each significant variable 











Relative risk 
Favourable Unfavourable Risk ratio P 
Age 0-42 2:34 5-57 0-01 


Histological type 0-47 2-11 4-49 001 


Table 4 Hazard ratio test for age and histological type 














Pattern 

Age (years) Histological type Mortality risk* 
<50 Non-intestinal 0-20 
<50 Intestinal 0-90 

51-57 Non-intestinal 0-47 

51-57 Intestinal 2-11 
>58 Non-intestinal 1-10 
>58 Intestinal 4-96 


* Hazard ratio= el 


È Bl(Xa-X | 
K=1 

Cumulative 10-year survival rates(s.e.) of the present series 
(Figure 1) were 77:3(3-7) per cent for the whole group 
(n= 159), 80-9(3-6) per cent excluding operative deaths 
(n = 152), 86-3(3-0) per cent excluding deaths from other 
causes (n = 146) and 90-6(2-7) per cent excluding both 
operative and other mortality (n = 139). 

Results of the univariate analysis concerning the prognostic 
significance of the eight selected factors are shown in Table 1. 
The log rank test showed three factors to be significantly related 
to prognosis: age, depth of tumour invasion and lymph node 
metastasis. Results of multivariate analysis using the Cox 
proportional hazards model indicated that none of the variables 
was significant in the full multivariate model. Stepwise analysis 
with the same model (Table 2) isolated two factors that 
influenced the effects of the others on survival: histological type 
and age. Reliability of this model was verified by the global x? 
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value (P = 0-002). The ratios of risks for these two factors are 
shown in Table 3 and the hazard ratios for different risk patterns 
derived from the combination of these factors in Table 4. 


Discussion 

The percentage of gastric cancers diagnosed as early is lower 
in western countries than in Japan. The reasons for this are 
generally related to differences in the incidence of gastric cancer 
and in the use of screening in Japan. The rate of correct 
preoperative diagnosis by endoscopy and radiology is lower in 
western centres?° than in Japan??. In Italy, as in other western 
countries, an improving trend has, however, begun in relation 
to detection of EGC and surveillance of high-risk groups using 
endoscopy. The difference in detection rates of EGC between 
western countries and Japan could be due to differences in 
clinical and pathological features. No significant age difference 
was detected between the present patients and those in Japan??. 
In contrast, the mean age of patients with EGC in Northern 
Europe?’ and the USA? is almost 10 years higher than in Japan. 

The male:female ratio, location, macroscopic and micro- 
scopic types, percentage of operative deaths and recurrences 
were also similar in the present patients and those in Japan. 

The proportion of EGC detected at the mucosal stage in 
the present series (34-6 per cent) is significantly lower than 
those given in Japanese reports?*:2+-?” and in other western 
series?®-29, but is similar to values in North American 
studies?-?°. This is probably the result of differences in screening 
programmes. 

The proportion ‘of lymph node metastasis (20-1 per cent) 
was high in the present cohort compared with the majority 
of published series. Similar rates have been detected only 
by authors performing R./; lymphadenectomy??3'-3?, as in 
42:8 per cent of the present 159 cases. A further relevant 
difference is represented by the high percentage of total 
gastrectomies performed in the present series, which reflects 
our curative criteria for gastric cancer??, 

The 10-year survival rate of the present patients was not 
significantly different from those reported in several Japanese 
series?>~?7-34-35 either excluding operative and other causes of 
death or in evaluation of crude survival. There are two main 
factors correlated with this result: the low operative mortality 
rate of 4-4 per cent and the low recurrence rate of 7-9 per cent. 

Univariate analysis showed that age and depth of tumour 
invasion are factors strongly related to survival (P < 0-02). The 
presence of lymph node metastasis has lesser significance 
(P < 0-05). Similar findings were reported by Yasuna and 
Hayashi?’ for age, by Kitaoka et al.°* for depth of invasion 
and by Habu and colleagues?® for lymph node metastasis. 
Patients with EGC treated by subtotal gastrectomy—Roj; 
showed a slightly lower survival rate than those undergoing 
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total gastrectomy—R,.,’ but the difference was not significant. 
This result, similar to that reported by Raab et al.?, seems to 
be due to four cases of gastric remnant recurrence but, according 
to Boku and colleagues?', could also be related to inadequate 
lymph node dissection. The possibility of gastric remnant 
relapse suggests that there may be value in intraoperative 
examination of the resection margin and that the indications 
for total gastrectomy—R, could be extended. Complete R, 
lymph node dissection with subtotal gastrectomy can be 
dangerous when the cancer is located in the body with or 
without invasion of the antrum. Lymph node dissection along 
the splenic artery (JRSGC n2 group 11) and at the splenic 
hilum (JRSGC n2 group 10) requires the interruption of both 
the posterior gastric artery and the short gastric vessels, with 
a risk of ischaemia for the gastric remnant. The remaining blood 
supply from the left subphrenic artery may be interrupted or 
insufficient, leading to ischaemia of the gastric remnant*®. 

The better survival rate for the non-intestinal histological 
type in comparison With the intestinal type confirms data 
reported by Japanese authors®’~-*°. Because all prognostic 
variables interact, multivariate analysis was used (Table 2). 
After stepwise analysis, the Cox proportional hazards model 
showed that histological type and age are the factors influencing 
the effect on survival of the other variables examined after 
adjusting for depth of invasion. The relative importance of age 
and histology was clarified by the high risk ratios (Table 3). 

Finally, the hazards ratio identified the combinations of 
these two factors associated with the risk of death (Table 4). 
For example, a patient aged >58 years with an EGC of 
intestinal histological type has a risk of death 24-8 (4-96/0-20) 
times greater than that of a patient of <50 years with 
non-intestinal type cancer. Increased age was associated with 
increased risk of a fatal outcome, but at all ages intestinal-type 
histology showed four to five times greater risk than the 
non-intestinal type. 

In conclusion, the results of this analysis on factors 
influencing the long-term survival after surgical treatment of 
EGC are sufficient to detect only a gross trend; however, they 
show a significant dominance of host- and tumour-related 
factors (age and histological type) over the type of surgical 
procedure performed. 
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The aim of this study was to analyse the specific problems of 
gastrointestinal surgery in patients >75 years of age. Hospital 
mortality and morbidity were studied according to the degree 
of emergency and the type of intervention. 


Patients and methods 


Between 1985 and 1991, 274 gastrointestinal surgical procedures were 
performed by senior surgeons on patients >75 years of age. The group 
was composed of 180 women and 94 men of mean age 82:1 (range 
75-94) years. Surgical intervention within 24h of admission was 
considered as an emergency operation (51 patients) and that after 24 h 
as an elective procedure (223 patients). Table 1 lists the types of surgical 
procedure performed. Fourteen patients (5-1 per cent) were treated in 
the intensive care unit after surgery. : 


Results 


Table 1 shows the postoperative mortality rate calculated on 
the basis of the whole period of hospital stay, in contrast to 
the more conventional 30-day operative mortality rate. The 
mortality rate for emergency procedures was 33 per cent and 
that for the series overall 12-8 per cent. A large proportion of 
deaths after elective surgery were among patients with 
peritoneal carcinomatosis (ten of 18), and in emergency surgery 
among those with mesenteric infarction or strangulated hernia 
with intestinal necrosis requiring bowel resection (eight of 17). 
Excluding these, the mortality rate for all other patients 
operated on as an emergency was 21 per cent and for those 
operated on electively 3-8 per cent. Colorectal, general, 
hepatobiliary, pancreatic and splenic operations had an 
intermediate rate of mortality but gastric surgery carried a high 
mortality rate (five of 20 patients); of the five deaths, four were 
from a perforated peptic ulcer with peritonitis and one followed 
gastrectomy for carcinoma. The overall morbidity rate was 
24-1 per cent; infectious complications occurred in 9-1 per cent 
of patients. Social reintegration after hospitalization was good; 
94-1 per cent of survivors returned to their source of admission. 


Discussion 

In this series, patients >75 years old represented 10-6 per cent 
of those having gastrointestinal surgery during the study period. 
The sex distribution was as expected in a modern aged 
population. The frequency of emergency operations was 
comparable to that described in the literature’. Emergency 
surgery remained an important risk factor. Many authors have 
underlined this; the mortality figures quoted vary from 10 to 
60 per cent’~*. The difference between the mortality rate for 
strangulated hernia with bowel necrosis (100 per cent) and that 
for elective hernia repair (zero) shows the point well. In the 
present series, the mortality rate for patients with widespread 
neoplasia was high because these terminally ill patients could 
not be discharged from hospital; alternative methods of 
investigation may perhaps avoid surgery im such cases. 
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Table 1 Surgical intervention and hospital mortality 





No. of No. of Mortality 


Type of intervention patients deaths rate (%) 





Colorectal and perineal surgery 
Colectomy with anastomosis, 94 9 10 
Hartmann’s procedure, 
colostomy, abdominoperineal 
excision, anal or perineal 
resection 
General surgery 
Appendicectomy, haemorrhoid- 76 1 1 
ectomy, herniorrhaphy, 
Zenker’s operation, 
LeVeen’s operation 
Hepatobiliary, pancreatic and 
splenic surgery 
Cholecystectomy, choledochotomy, 63 2 3 
splenectomy, hepatic and 
pancreatic resection 
Gastric surgery 


Gastrectomy, gastrorrhaphy, 20 5 25 
fundoplication 
Laparotomy for generalized 13 10 77 
gastrointestinal carcinomatosis 
Laparotomy for mesenteric 8 8 100 


infarction (4 patients) and small 
intestine necrosis from 
strangulated hernia (4 patients) 





Colorectal surgery carried a high risk, mainly when patients 
were operated on for intestinal obstruction; aged people 
withstand infectious complications and suture breakage poorly, 
and the mortality rate surrounding relaparotomy was high?*. 
The mortality rate of 10 per cent in this series was comparable 
to that described by others and this figure should decline in 
the future with better patient preparation. This is important as 
the life expectancy of these elderly patients’ is 5-10 years. Until 
1980 hepatobiliary and pancreatic surgery carried a poor 
prognosis for the aged patient. Since then, following the 
development of cholangiopancreatography and endoscopic 
sphincterotomy, the number of choledochotomies performed 
has declined and the mortality rate now approaches that for 
the younger population!:*:°; the rate of 3 per cent obtained in 
the present series is slightly lower than other published results’. 

In the future the outcome of gastrointestinal surgery in the 
elderly should improve with increasing use of elective hernia 
repair and a general reduction in emergency operations. In 
widespread neoplasia, alternative methods of investigation may 
decrease the need for laparotomy. 
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Since the report of autoimmune thrombocytopenic purpura in 
homosexual men by Morris et al.’ in 1982, this disease has 
been reported in patients from all groups at risk of acquired 
immune deficiency syndrome (AIDS): homosexual men?, 
intravenous drug abusers? and patients infected through 
transfusion or heterosexual contact*. In the absence of AIDS, 
the prevalence of thrombocytopenia in human immuno- 
deficiency virus (HIV )}infected individuals ranges from 5 to 
15 per cent and is independent of the clinical or immunological 
status of the patient***. In most cases the syndrome is clinically 
indistinguishable from classical idiopathic thrombocytopenic 
purpura (ITP) but its pathophysiology remains unclear. 

Response to prednisone therapy and splenectomy has been 
evaluated in homosexual men with thrombocytopenia’. Results 
appeared similar to those obtained in ITP. More recently, 
splenectomy has been recommended as the treatment of choice 
as a result of encouraging short-term results®, although others 
have not found such a good response®. None of these series 
has reported long-term follow-up. 

To define this new syndrome, evaluate its place in the natural 
history of HIV infection and compare different therapeutic 
approaches, 30 HIV-infected patients with thrombocytopenia 
(platelet count <50 x 10°/1) who underwent splenectomy were 
studied prospectively. 


Patients and methods 


Thirty HIV-infected patients with thrombocytopenia who underwent 
splenectomy between February 1984 and September 1990 were studied. 
Thrombotytopenia was defined as a platelet count <50 x 10°/I. 
Diagnosis was confirmed by a normal or increased megakaryocyte 
count in bone marrow aspirates associated with normal coagulation 
tests and absence of schistocytes on the blood smear. Platelet-bound 
immunoglobulin G (IgG) was detected by a quantitative antiglobulin 
consumption assay. The presence of serum IgG with antiplatelet activity 
was assayed using indirect immunofluorescence. 

All patients received medical treatment in an attempt to increase 
the platelet count: prednisone 1 mg/kg for 4 weeks (18 patients), 
danazol 600 mg/day (seven) or zidovudine (AZT) (13). AZT was used 
prospectively for a median of 24 (range 3-33) months; six patients 
experienced a significant increase in platelet count, but relapsed. 

Splenectomy was considered in patients with symptomatic 
refractory thrombocytopenia in spite of adequate medical treatment. 
Asymptomatic thrombocytopenia was not an indication for surgery. 
Intravenous polyvalent high-dose immunoglobulin (Veinglobulines; 
Mérieux, Lyons, France) was used before surgery in 22 patients with 
severe symptomatic thrombocytopenia, in an attempt to avoid the need 
for postoperative blood product transfusion. No other preoperative 
treatment was used. All the patients except one received preoperative 
antipneumococcal vaccination. No platelet transfusions were adminis- 
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human immunodeficiency virus (HIV)-related thrombocytopenia, 
30 HIV-infected patients with thrombocytopenia (platelet count 
<50 x 10°/1) who underwent splenectomy were followed prospectively 
for a mean period of 42 months. There were no perioperative deaths 
and morbidity was minimal. Twenty-one patients had a persistent 
complete response, six had a partial response and were asymptomatic 
after splenectomy, and only three showed no response. Three patients 
developed acquired immune deficiency syndrome during follow-up, an 
incidence that was no different from that expected. Splenectomy is a 
safe and effective treatment in HIV-infected patients with severe 
symptomatic thrombocytopenic purpura resistant to medical therapy. 


tered before operation; one patient received a platelet transfusion after 
surgery for mild postoperative bleeding. 

The operation was performed through a midline abdominal incision. 
All patients were given penicillin G for at least 2 years after operation. 
Standard response criteria for ITP were adopted to assess response to 
splenectomy!®. The effect of splenectomy on the patient’s platelet count 
was categorized as complete, partial or no response. Complete response 
was defined as a sustained increase in platelet count to > 150 x 10°/I. 
No response represented a failure of the platelet count to achieve a 
level of at least 50 x 10°/I. 


Results 


The clinical data are summarized in Table 1. The mean age 
was 29 (range 17—41 ) years; there were 26 men and four women. 
AIDS risk groups were as follows: eight homosexual men, 17 
intravenous drug abusers, four transfused patients and one 
heterosexual. Thrombocytopenia led to diagnosis of HIV 
infection in 28 patients, whereas in two patients thrombo- 
cytopenia was diagnosed during systematic follow-up for HIV 
infection (2 and 9 months after diagnosis of HIV). All patients 
had clinical bleeding at the initial evaluation: 28 had increased 
bruising, petechiae or epistaxis, and two had evidence of mild 
lower gastrointestinal bleeding. In 16 patients, the syndrome 
was clinically indistinguishable from classical idiopathic 
autoimmune thrombocytopenia since thrombocytopenia was 
the only manifestation of HIV infection. In the other patients, 
thrombocytopenia was associated with other clinical signs of 
HIV infection: polyadenopathy in seven patients, splenomegaly 
in four, and minor infections or constitutional symptoms in 
three. . 

The mean value for CD4* cell count was 465 (range 
66-1488) x10°/l. Fourteen patients (47 per cent) had 
<400 x 106 CD4* cells per litre at the time of diagnosis of 
thrombocytopenia, and four (13 per cent) <200 x 106/1 
Serum p24 antigen was detectable in six patients (20 per cent). 
Platelet-bound IgG was detected in 23 cases (77 per cent) and 
serum antiplatelet IgG in 18 (60 per cent). Co-infection with 
hepatitis B virus was frequent: only four patients (13 per cent) 
had a completely negative serology, four (13 per cent) were 
positive for hepatitis B surface antigen, 21 (70 per cent) for 
hepatitis B and C surface antibodies, and ten (33 per cent) had 
mild persistent hepatitis. 

The mean interval between the diagnosis of thrombo- 
cytopenia and surgery was 7 (range 2-18) months. The mean 
lowest preoperative platelet count (before immunoglobulin) 
was 13-5 (range 2-34) x 10°/1. The mean preoperative platelet 
count in the group treated with immunoglobulin was 99 (range 
48-122) x 10°/1. The overall mean preoperative platelet count 
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Table 1 Details of 30 patients with human immunodeficiency virus-related thrombocytopenia 





Platelet count ( x 10°/1) 








Patient Age AIDS risk Lowest before 1 week after At last Follow-up 
no. (years) Sex group operation operation follow-up (months) 
l 24 M Drug abuser 4 80 94 72 
2 30 F Drug abuser 20 497 378 48 
3 25 M Heterosexual 26 354 5* 47 
4 32 M Transfused 6 110 164 28 
5 37 M Homosexual 5 278 270t 35 
6 24 F Drug abuser 20 400 302 48 
7 22 M Homosexual 19 403 250t 38 
8 23 M Drug abuser 11 537 403 49 
9 41 M Drug abuser 30 211 211 10 
10 27 M Drug abuser 7 262 200 37 
11 27 M Drug abuser 10 114 229° 50 
12 24 M Drug abuser 27 162 253 59 
13 24 M Drug abuser 7 341 7 51 
14 26 M Drug abuser 19 223 70 42 
15 24 M Transfused 6 342 210 12 
16 25 M Homosexual 3 190 200 45 
17 35 F Drug abuser 9 410 130 52 
18 39 M Homosexual 2 200 350 53 
19 17 M Transfused 30 317 %9 38 
20 36 M ` Drug abuser 18 178 96 31 
21 38 M Drug abuser 16 254 190 26 
22 36 M Drug abuser 8 532 204 37 
23 34 M Drug abuser 3 278 152 25 
24 33 M Homosexual 8 361 198 68 
25 28 F Drug abuser 15 475 310 49 
26 23 M Homosexual 13 200 215 14 
27 36 M Homosexual 5 544 306 13 
28 29 M Transfused 20 120 81 22 
29 33 M Drug abuser 4 230 20 74 
30 25 M Homosexual 34 620 289 77 








AIDS, acquired immune deficiency syndrome. * Died from AIDS; tdeveloped AIDS 


was 72 (range 11-122) x10°/l. No patient required blood 
transfusion during or after surgery and there were no 
intraoperative complications. There were no perioperative 
deaths and the only major complication was one case of 
postoperative bleeding from the splenic bed which required 
operation for haemostasis. Minor complications were fever in 
15 patients, wound infection in two and atelectasis in two. The 
mean hospital stay after operation was 6 (range 4-14) days. 
The mean splenic weight was 264 (range 115—420) g. In three 
patients an accessory spleen was found. Histological examination 
of the spleen showed lymphoid hyperplasia of the white pulp 
and congestion of the cords and sinuses of the red pulp in 25 
patients; the spleen was normal in the remaining five. 

Platelet counts 1 week after splenectomy are shown in 
.Table 1. Twenty-six of the 30 patients (87 per cent) responded 
initially to splenectomy with a platelet count >150 x 10°/I. 
The remaining four patients had counts >50 x 10°/I. Only 
two of these had evidence of complete response during the 
entire follow-up; the remaining two patients maintained a 
partial response and were asymptomatic. There was no relation 
between preoperative platelet count and response to splen- 
ectomy. Long-term outcome is shown in Table 2. The mean 
follow-up was 42 (range 10-77) months. Twenty-one patients 
(70 per cent) had a persistent complete response following 
splenectomy. Two patients developed AIDS 24 and 26 months 
after splenectomy. Six patients (20 per cent) had a partial 
response; they were all asymptomatic and required no further 
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Table 2 Long-term effect af splenectomy on platelet count 





Platelet count ( x 10°/1) 








Follow-up 

(months) Patients <50 50—150 >150 

<12 2 . 0 0 2 
13-36 8 0 2 6* 
37-60 16 2t 3 11* 

>60 4 It 1 2 

Total 30 3 6 21 


*One patient alive with acquired immune deficiency syndrome (AIDS); 
tone patient died from AIDS; tcomplete response for first 2 years 


medical treatment. Three patients (10 per cent) showed no 
response. In this group, one patient who did not have 
antipneumococcal vaccination and who took antibiotic 
prophylaxis irregularly developed pneumococcal meningitis 15 
months after surgery, and recovered. Nevertheless, this patient 
developed AIDS 4 years after surgery and finally died from 
toxoplasmosis. 


Discussion 


The association between thrombocytopenia and HIV infection 
is now well established. Serological surveys, as well as 
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Table 3. Summary of reported series of splenectomy in patients infected with human immunodeficiency virus 














Mean platelet 
count before Response 
No. of operation Follow-up - 

Reference patients (x 109/1) (months) None Partial Complete 
Walsh et al.’ 10 16 10 0 0 10 
Ferguson® 11 19-7 12 — 11* — 
Tyler et al.? 8 20-8 13 2 5 1 
Abrams et al.!! 15 — — 5 0 10 
Kim et al.'? 4 21 — 0 0 4 
Oksenhendler et al.'® f 14 8-6 10 4 4 6 
Schneider et al.?° 15 24-6 12 0 6 9 
Rosenfelt et al.?? 4 ~ — 1 1 2 
Goldsweig et al.?3 7 117 14 2 1 4 
Present series 30 13-5 42 3 6 21 
Total 118 17 34 67 





* Platelet count > 100 x 10°/] only specified 


epidemiological, immunological and virological data, confirm 
that thrombocytopenia is related to HIV infection’?. 

The exact mechanism of development of thrombocytopenia 
remains unknown. HIV-related thrombocytopenia shows both 
similarities and differences with classical autoimmune thrombo- 
cytopenic purpura. The role of autoantibodies or immune 
complexes in peripheral platelet destruction is still debated, as 
well as the possible direct or indirect involvement of HIV itself’. 
The possible role of non-specific immune complexes or 
complement deposition was first suggested by Walsh et al.?, 
who compared thrombocytopenia in homosexual men with the 
classical condition. The homosexual group had 3-8-fold higher 
levels of platelet-bound IgG. In the present series, platelet- 
bound IgG was found in 77 per cent of cases; these data confirm 
the peripheral and immunological mechanism of the platelet 
destruction. In some instances, the delay between HIV 
seroconversion and thrombocytopenia can be estimated. The 
combined analysis of three series'*-'* of haemophiliacs showed 
that the mean delay before the occurrence of thrombocytopenia 
was 30 months. In the present limited experience of four 
HIV-infected transfusion recipients, thrombocytopenia occurred 
after a mean delay of 32 (range 7-60) months. The presence 
of detectable serum p24 antigen in 20 per cent of the present 
patients, polyadenopathy in 23 per cent or CD4* cell count 
<200 x 10°/1 in 13 per cent suggests that, although 
thrombocytopenia occurs mainly in asymptomatic HIV- 
infected individuals, it often occurs at a relatively late stage of 
the silent period of infection. 

The similarity with classical autoimmune thrombocytopenic 
purpura led most authors to use corticosteroids as initial 
therapy®:'5. The present authors have treated 18 patients with 
prednisone: only ten (56 per cent) responded initially to 
therapy, but the increase in platelet count was not sustained 
after prednisone was stopped. This disappointing response, 
poor tolerance and the potential risk of increased immune 
deficiency’® led to the avoidance of corticosteroids as initial 
therapy for HIV-related thrombocytopenia. AZT has been used 
prospectively in 34 HIV-infected patients with severe 
thrombocytopenia, half of whom had a significant and 
persistent increase in platelet count!’. These data allow the 
conclusion that AZT is probably the treatment of choice for 
HIV-related thrombocytopenia. Intravenous polyvalent high- 
dose immunoglobulin therapy is usually effective in the 
treatment of HIV-related thrombocytopenia, with a rapid but 
transient effect'®'°. The present authors generally use this 

.therapy before surgery in patients with severe thrombo- 
cytopenia. A course of 1—2 g/kg for 2-5 days usually increases 
the platelet count!® to safe levels in 3-8 days. 

In the present series the initial response to splenectomy was 
excellent. The platelet count rose above 150 x 10°/I in 


87 per cent of patients. Some reports have suggested that 
splenectomy is an effective procedure with an acceptably low 
morbidity rate?-9?°?!, These reports are summarized in ` 
Table 3. However, none of these series reported long-term 
follow-up. In the present series, with a mean follow-up of 42 
months, a prolonged complete response was found in 70 per cent 
of patients. Overall, 27 patients (90 per cent) were 
asymptomatic after surgery. No preoperative factors were found 
that could predict the response to splenectomy in HIV-infected 
patients. 

There is a potential risk of severe bacterial infection after 
splenectomy. One patient, who had no antipneumococcal 
vaccination and irregular antibiotic prophylaxis, developed 
pneumococcal meningitis. The present authors recommend 
systematic antipneumococcal vaccination before splenectomy 
and oral penicillin for 2 years, or if possible lifelong, after surgery 
because the effectiveness of the vaccine is uncertain in 
HIV-infected patients. The overall surgical risk in this 
population does not seem to be any higher than in patients 
with ITP. The present authors have not performed splenectomy 
in patients with documented AIDS, in whom the effects of 
splenectomy are largely unknown. 

The prognostic value of thrombocytopenia is difficult to 
assess in the absence of a proper control group. Some authors 
have considered that survival of patients with persistent 
generalized lymphadenopathy was shorter when thrombo- 
cytopenia was present®?*. However, taking into account the 
clinical, immunological and virological characteristics of the 
patients at the time of diagnosis of thrombocytopenia, the 
present data were no different from those observed in the general 
population of HIV-infected patients?*:?°. There is no agreement 
about the influence of splenectomy on the development of 
AIDS. One report, with few cases, concluded that splenectomy 
might accelerate its development?’. In the present series only 
three patients developed AIDS; this is no different from the 
expected incidence of AIDS in infected patients without 
thrombocytopenia™®!?, and we agree with others that 
splenectomy does not appear to increase the risk of AIDS in 
patients who are HIV positive™! t. 

The present findings allow recommendations on the 
management of patients with HIV-related thrombocytopenia. 
No treatment should be given to patients with no or mild 
haemorrhagic symptoms and moderate thrombocytopenia. In 
patients with profound thrombocytopenia, AZT appears to be 
an effective and safe therapy. Because of its high response rate 
and the rapidity of the response, high-dose intravenous 
polyvalent immunoglobulin is the first-line treatment for 
patients with clinical bleeding and severe thrombocytopenia, 
and is useful before surgery to obviate the need for postoperative 
blood product transfusion. Splenectomy appears safe and 
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effective in patients with severe symptomatic AZT-resistant 
thrombocytopenic purpura. 
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Splenectomy for splenomegaly 
exceeding 1000 grams: analysis of 
47 patients 


Forty-seven patients who underwent splenectomy for splenomegaly 
> 1000 g were studied retrospectively. There were 29 men and 18 women 
of mean age 56 (range 19-87) years. Haematological malignancy was 
the most common disorder (42 patients). The main indications for 
splenectomy were cytopenia (20 patients), diagnosis (14), initial 
treatment of leukaemia (eight), pain (four) and spontaneous rupture 
(one). Thirteen patients underwent an associated surgical procedure. 
One patient died (mortality rate 2 per cent) and 12 (26 per cent) had 
postoperative complications. The advantages of splenectomy included 
histopathological diagnosis in 13 of 14 patients with splenomegaly of 
unknown origin, effective initial treatment in prolymphocytic and hairy 
cell leukaemia, definitive relief of pain in all affected patients, and 
long-term improvement of cytopenia in most. 


Splenectomy is performed frequently for diagnostic or 
therapeutic reasons in haematological disorders. The risks and 
benefits of this operation for massive splenomegaly have not 
been analysed widely. This is a retrospective study of 47 cases. 
Massive splenomegaly is defined by convention as a spleen 
weighing > 1500 g, or about ten times the normal weight’. In 
agreement with Johnson and Deterling? and Ly and 
Albrechtsen?, we consider that, for splenectomy including 
ligation of the splenic artery as an initial step, 1000 g is a more 
realistic limit. The aims of this study were to establish morbidity 
and mortality rates, and the advantages of splenectomy 
performed for splenomegaly > 1000 g. 


Patients and methods 


Between May 1981 and May 1991, 152 patients underwent splenectomy 
for haematological disease, including 47 with splenomegaly > 1000 g 
(27 > 1500 g}. Table 1 shows the diagnosis for these 47 patients. There 
were 29 men and 18 women of mean age 56 (range 19-87) years. The 
main indications for splenectomy were cytopenia (20 patients) 
diagnosis (14), initial treatment (eight), pain (four) and rupture 
(one). Thirty-two patients had cytopenia (Table 2). 

Midline laparotomy was used in all cases. Thirteen patients 
(28 per cent) underwent 14 associated operative procedures: chole- 
cystectomy (three patients), cholecystectomy and exploration of the 
common bile duct (one), colectomy (three), gastro-oesophageal 
fundoplication (three), adnexectomy (two), hernia repair (one) and 
appendicectomy (one). Hepatic and lymph node biopsies were routine 
when the cause of splenomegaly was uncertain. Four accessory spleens 
were found and excised. In 25 patients, ligation of the splenic artery 
was used as an initial step in the operation. In 40 patients, an abdominal 
drain was placed (28 sump drains, 12 closed suction systems). 

All spleens were weighed in the pathology department several 
minutes after excision. The mean spleen weight was 1814 (range 
1000-4480) g; the largest spleens were found in patients with myeloid 
splenomegaly, chronic myeloid leukaemia and non-Hodgkin’s 
lymphoma. 

Antibiotic prophylaxis and pneumococcal vaccination were 
routinely used. Platelets were administered before and during surgery 
when the count was <50 x 10°/I. 

The x° test was used where applicable for statistical analysis. 


Results, 


One patient with chronic myeloid leukaemia died 3 days after 
splenectomy for spontaneous rupture. The cause of death was 
massive postoperative haemorrhage associated with acute 
respiratory failure. The morbidity rate was high: 12 patients 
(26 per cent) suffered 14 complications (Table 3). One patient 


was reoperated on for haemorrhage after splenectomy for 
chronic myeloid leukaemia. A huge haematoma of the splenic 
bed was removed and the outcome after reoperation was 
uneventful. Associated surgical procedures increased the 
morbidity, but compared with splenectomy alone the difference 
was not statistically significant (Table¢). The type of 
haematological disease was not related to the nature and 
severity of operative morbidity, except there was a higher risk 
of haemorrhage in myeloproliferative disorders (two of five 
patients). The mean volume of blood transfused during surgery 
(excluding the spontaneous rupture) was 2-4 units where 
preliminary ligation of the splenic artery was performed and 
4-5 units for other patients. This difference was significant 
(2 =758, 1df., P= 0-005). A histological diagnosis was 
possible in 13 of 14 patients with splenomegaly of unknown 


Table 1 Diagnosis of 47 patients with splenomegaly > 1000 g 


Diagnosis No. of patients 





Non-Hodgkin’s lymphoma 17 
Chronic lymphatic leukaemia 11 
Hairy cell leukaemia 

Chronic myeloid leukaemia 

Myeloid splenomegaly 

Prolymphocytic leukaemia 

Sarcoidosis 

Immunoangioblastic lymphadenopathy 
Hodgkın’s disease 

Gaucher’s disease 

Haemolytic anaemia 

Undetermined 


me m a a o Snes! 





Table 2 Types of cytopenia 





Cytopenia No. of patients 





Isolated thrombocytopenia* 12 
Pancytopenia 9 
Thrombocytopenia and anaemia 6 
Isolated anaemiat 3 
Thrombocytopenia and leucopeniat 2 


Total 32 








*Platelets <100 x 10°/1; thaemoglobin level < 10 g/dl; twhite blood 
cell count < 1:5 x 10°/I 
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ee Postoperative complications of splenectomy for splenomegaly 
2 g 








Complication No. Outcome 
Respiratory 7 Satisfactory 
Haemorrhage 2 1 satisfactory; 

1 reoperation 
Subphrenic abscess* 1 Satisfactory 
Pulmonary embolism 1 Satisfactory 
Septicaemia 1 Satisfactory 
Urinary infection 1 Satisfactory 
Pancreatitis 1 Satisfactory 
Total 14 





Complications affected 12 patients and arose within 1 month of 
operation. *Treated by percutaneous ultrasound-guided drainage 


Table 4 Postoperative morbidity for five patients undergoing 
splenectomy with associated surgical procedures 








Patient 
no. Associated procedure Complication 
1 Colectomy Pulmonary infection 
2 Cholecystectomy Haemorrhage* 
3 Cholecystectomy and common Pancreatitis 
bile duct exploration 
4 Gastro-oesophageal fundoplication Pleural effusion 
5 Adnexectomy Pulmonary embolism 





*Patient underwent reoperation 


origin. The undiagnosed patient developed acute leukaemia 3 
months after surgery. 

Seven patiens were relieved of pain; remission of cytopenia 
in 30 of 32 patients (94 per cent) was observed within 1 month 
of surgery. In one patient thrombocytopenia was partially 
improved; another with non-Hodgkin’s lymphoma showed no 
response. Thrombocytopenia recurred in two patients and 
anaemia recurred in one. A lack of response or the recurrence 
of thrombocytopenia were considered bad prognostic signs; the 
five patients in these categories had an early fatal outcome. No 
patient suffered further pain or morbidity related to the 
abdominal drainage. 

` From May 1981 to December 1991, twenty-five patients 
(53 per cent) died after a mean survival period of 20 (range 
2-52) months. Twenty-one deaths were related to the primary 
malignancy. The other four were from infection (one viral 
hepatitis at 5 months after splenectomy, one Gram-negative 
septicaemia at 4 months) or concomitant cancer (one 
carcinoma of the bladder and one acute leukaemia, both at 26 
months). The mean follow-up for the 22 surviving patients was 
38 (range 7-127) months. Three patients were lost to follow-up, 
at 25, 31 and 52 months. The mean time spent in hospital was 
14-5 (range 8-38) days for the 46 surviving patients: 12-4 days 
for patients without postoperative complication and 20-4 days 
for those with complication. 


Discussion 

In Europe and North America massive splenomegaly is 
generally a consequence of malignant disease. Prognosis is not 
modified by splenectomy*~*. Nevertheless, palliative excision 
is usually justified because of its potential benefits. The present 
mortality rate of 2 per cent compares favourably with those in 
the literature of 0-14-7 per cent; the majority of authors report 
a rate around 5 per cent!:+?-*. The only postoperative death 
occurred in a patient with spontaneous rupture, a well known 
indicator of a poor prognosis?®. 

The morbidity rate after splenectomy for massive spleno- 
megaly is high, increased twofold or threefold compared with 
splenectomy for normal-weight spleens'!~'*. In this series, the 
morbidity rates were 16 per cent for patients with splenomegaly 
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< 1000 g and 26 per cent for those with spleens exceeding this 
weight. This difference was not statistically significant and there 
was a satisfactory outcome in almost all complicated cases. 

Contrary to some authors™!516, a very limited risk of 
haemorrhage was found; this risk was greatest in myeloprolifer- 
ative disorders'”'8. The present results support those of others 
that the patient’s general condition, rather than spleen weight 
itself, is the most important factor for evaluation of operative 
prognosis. Preliminary ligation of the splenic artery is a useful 
procedure that reduces intraoperative haemorrhage and 
improves access to perisplenic ligaments and adhesions, which 
may be a major source of bleeding'?. We have no experience 
of injection of adrenaline into the splenic artery, a procedure 
that apparently diminishes 40 per cent of the splenic mass 
without systemic complication?-*:!®, but prefer to place a drain 
in the splenic bed in patients with thrombocytopenia or 
myeloproliferative disorders. 

Splenectomy offers a number of advantages: diagnosis of 
splenomegaly of unknown origin, such that specific treatment 
can be applied if necessary':”’*:?°; therapeutic efficacy in hairy 
cell and prolymphocytic leukaemia; and pain relief and control 
of thrombocytopenia, enhancing the quality of life®-°. This 
operation is a safe and effective procedure when performed by 
an experienced team. 
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Percutaneous ultrasound-guided 


drainage of intra-abdominal 
abscesses 


A retrospective review of 200 patients with intra-abdominal abscesses 
treated by percutaneous ultrasound-guided drainage is reported. 


O. Goletti, P. V. Lippolis, 
M. Chiarugi, G. Ghiselli, 
F. De Negri*, M. Contef, 
T. Ceragiolit and 

E. Cavina 


Departments of Emergency 
Surgery and */nternal Medicine, 
and tSurgical Clinic, University of 
Pisa, Pisa, Italy 


Correspondence to: 

Dr O. Goletti, Department of 
Emergency Surgery, University of 
Pisa, Via Roma 67, 56 100 Pisa, Italy 


The formation of abdominal abscesses is a continuing and 
sometimes fatal problem. Diagnosis is often difficult. The 
introduction of antibiotic therapy and advances in bacteriology 
and diagnostic techniques have improved the outcome, but 
mortality rates of 11-35 per cent are still reported’. Some 
patients, if diagnosed early, will respond to diagnostic 
percutaneous aspiration and effective antibiotic therapy. 
Nevertheless, most cases require drainage. The wider use of 
percutaneous drainage guided by ultrasonography or computed 
tomography (CT) had led to a substantial improvement in 
prognosis. Percutaneous drainage has become the treatment of 
choice for the majority of intra-abdominal abscesses and fluid 
collections. The best results have been achieved for single well 
defined abscesses without evidence of enteric connection, with 
no adjacent tumour and no tissue necrosis (simple abscesses ). 
Multiple and/or multiloculated abscesses, those that form a 
fistula to surrounding organs or bowel and abscesses containing 
viscous fluid, debris or necrotic material are defined as complex. 
These were formerly considered to be absolute contraindications 
to catheter drainage, but are now also treated in this way’. 

This paper reports on the use of percutaneous drainage to 
treat 200 patients affected by intra-abdominal abscesses. Special 
attention is paid to complications and to the wider indications 
for use of percutaneous drainage. 


Patients and methods 


From January 1985 to February 1991, 243 patients with an 
intra-abdominal abscess were seen, of whom 200 (82:3 per cent) were 
treated by percutaneous ultrasound-guided drainage. The mean age of 
_ the patients was 56-3 (range 8-82) years. In 151 patients (75-5 per cent) 
the abscess was simple and in 49 (24-5 per cent ) complex. In 12 patients 
an enteric communication was present. There were 17 critically ill 
patients for whom percutaneous drainage was the only possible therapy. 
The abscess was spontaneous or post-traumatic in 117 patients 
(38-5 per cent) and postoperative in 83 (41-5 per cent). The anatomical 
site of the abscess is shown in Table 1. The size ranged from 2 to 19 
(mean 7-8) cm. 

Drainage was performed in 28 patients (14-0 per cent) by simple 
or multiple-needle aspiration followed by injection of antibiotic. A 
preliminary needle aspiration was performed in all cases to evaluate 
the characteristics of the aspirated material. Direct insertion of a 
drainage catheter was performed in 22 patients (11-0 per cent). In 150 
(75-0 per cent) the catheter was inserted by a modified Seldinger 


Abscesses were simple in 151 patients (75-5 per cent) and complex in 
49 (24-5 per cent). In 12 patients the abscess communicated with the 
gastrointestinal tract. There were 17 critically ill patients for whom 
percutaneous drainage was the only therapeutic option possible. The 
success rate was 94-7 per cent (143 of 151 patients) for simple abscess 
and 69 per cent (34 of 49) for complex abscess. The overall success 
rate was 88:5 per cent. The mortality rate was 1-3 per cent (two patients) 
for simple and 16 per cent (eight patients) for complex abscess. The 
overall mortality rate was 5-0 per cent. Percutaneous ultrasound-guided 
drainage should be the initial drainage procedure in patients with a 
simple abdominal abscess. The presence of a complex abscess should 
not prevent an attempt at percutaneous catheter drainage, particularly 
in high-risk patients, although the risk of failure is greater in such cases. 


Table 1 Anatomical site of 200 intra-abdominal abscesses 





Site Simple Complex Total 
Intraperitoneal 
Subphrenic 41 (79) 11 (21) 52 
Subhepatic 19 (79) 5 (21) 24 
Paracolic gutter— 43 (88) 6 (12) 49 
intermesenteric 
Pelvic 16 (73) . 6 (27) 22 
Retroperitoneal 
Pancreatic lesser sac 4 (25) 12 (75) 16 
Psoas—pararenal 6 (75) 2 (25) 8 
Intraparenchymal 
Hepatic 17 (74) 6 (26) 23 
Renal 4 (100) 0 (0) 4 
Splenic 1 (100) 0 (0) 1 
Hepatic and splenic 0 (0) 1 (100) 1 
Total 151 (75:5) 49 (24-5) 200 


Values in parentheses are percentages 


technique. Simple abscesses were drained using one catheter, whereas 
multiloculated or multiple abscesses required several catheters. In 105 
patients (52-5 per cent) double-lumen sump catheters, size 12—14 Fr, 
were used (Gastrotop sump-drainage catheter; Angiomed, Karlsruhe, 
Germany and van Sonnenberg catheter; Medi-tech, Boston, 
Massachusetts, USA). In 67 per cent, a single-lumen 8—10-Fr catheter 
was inserted (Gastrotop drainage catheter; Angiomed or APD catheter; 
Medi-tech). 

In one patient with multiple liver abscesses, percutaneous ultra- 
sound-guided catheterization of the portal vein was performed for 
locoregional chemotherapy. The drainage procedure was carried out 
in the ultrasonography department in 143 patients and in the intensive 
care unit as a bedside procedure in 57. When there was evidence of a 
possible fistula with the biliary tree, gastrointestinal tract or pancreatic 
duct, drainage was performed in association with fluoroscopy. 
Percutaneous drainage was used as the preferred treatment for simple 
pancreatic abscesses whereas complex pancreatic abscesses were treated 
by the procedure only in critically ill patients (APACHE II score > 15) 
as a temporary measure (Figure 1). Drainage was considered to be 
successful when the patient was cured without further surgical 
intervention or when such intervention was performed for disease in 
the absence of a residual abscess (e.g. drainage of sigmoid diverticular 
abscess ). 
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Results 


The success rate for treatment of simple abscess was 
94-7 per cent (143 of 151 patients) and 69 per cent (34 of 49) 
for complex abscess (Table 2). The overall success rate was 
88-5 per cent. Catheters were left in place for a mean of 9:8 
(range 3—17) days in simple abscesses and, significantly longer, 
for a mean of 31-8 (range 8-67) days in complex abscesses 
(P < 0:05, Student’s ¢ test). Percutaneous drainage failed in 23 
patients (11-5 per cent) for whom surgical drainage was 
necessary. Multiloculation and the presence of necrotic tissue 
were the most common causes of failure. Undiagnosed 
abscesses, in most cases intermesenteric, were found in seven 
patients at laparotomy. 

Peripancreatic abscesses were treated successfully by 
percutaneous drainage in only seven of 16 patients. The 
mortality rate for this group was 25 per cent. In contrast, the 
success rate for retroperitoneal abscesses without peripancreatic 
involvement was 100 per cent. For simple intraparenchymal 
abscesses, percutaneous drainage was successful in 20 of 22 
patients compared with four of seven with complex abscesses. 
In only three of 12 patients with an enteric communication to 


Table 2 Success rate for percutaneous drainage 





the abscesses was a surgical approach necessary; three patients 
with a low-output fistula recovered spontaneously after 
long-term drainage (for 4, 6 and 7 weeks). 

The mortality rate was 1-3 per cent (two patients) for simple 
abscess and 16 per cent (eight patients) for complex abscess 
(Table 3); the overall mortality rate was 5-0 per cent. Three 
patients died after percutaneous drainage from multisystem 
organ failure. Two affected by end-stage malignancy died after 
drainage from progression of the tumour. Five patients died 
from multisystem organ failure after percutaneous drainage had 
failed and surgical drainage had been performed. 

Eleven complications related to percutaneous drainage were 
observed in nine patients (morbidity rate 5-5 per cent). Three 
patients with an abscess in the paracolic gutter developed an 
enterocutaneous fistula that recovered spontaneously in 8-15 
days. An intraparietal haematoma arose after percutaneous 
drainage in two patients with a pelvic abscess. A mild haemo- 
peritoneum that did not require transfusion was observed in 
two patients after drainage of hepatic abscesses and in one after 
drainage of hepatic and splenic abscesses. In three patients 
percutaneous drainage was complicated by infection of the 
abdominal wall at the site of insertion of the catheter. 








Site Simple Complex Total 
Intraperitoneal 
Subphrenic 40 of 41 (98) 10 of 11 (91) 50 of 52 (96) 
Subhepatic 18 of 19 (95) 5 of 5 (100) 23 of 24 (96) 
Paracolic gutter—intermesenteric 41 of 43 (95) 4 of 6 (67) 45 of 49 (92) 
Pelvic 15 of 16 ($4) 5 of 6 (83) 20 of 22 (91) 
Retroperitoneal 
Pancreatic lesser sac 3 of 4 (75) 4 of 12 (33) 7 of 16 (44) 
Psoas—pararenal 6 of 6 (100) 2 of 2 (100) 8 of 8 (100) 
Intraparenchymal 
Hepatic 15 of 17 (88) 3 of 6 (50) 18 of 23 (78) 
Renal 4 of 4 (100) — 4 of 4 (100) 
Splenic í of 1 (100) — 1 of 1 (100) 
Hepatic and splenic — 1 of 1 (100) 1 of 1 (100) 
Total 143 of 151 (94-7) 34 of 49 (69) 177 of 200 (88-5) 





Values in parentheses are percentages 











Figure 1 Percutaneous ultrasound-guided drainage of a peripancreatic retrogastric multiloculated abscess. The abscess is shown a before treatment 
(arrows) and b with a catheter in place (arrows). An additional catheter was required to complete treatment, ¢ after 10 days of drainage the abscess 


has completely resolved 
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Table 3 Mortality after percutaneous drainage 








Site Simple Complex Total 
Intraperitoneal 
Subphrenic 1 of 41 (2) 1 of 11 (9) 2 of 52 (4) 
Subhepatic 0 of 19 (0) 0 of 5 (0) 0 of 24 (0) 
Paracolic gutter- 0 of 43 (0) 2 of 6 (33) 2 of 49 (4) 
intermesenteric 
Pelvic 0 of 16 (0) 1 of 6 (17) 1 of 22 (4) 
Retroperitoneal 
Pancreatic 0 of 4 (0) 4 of 12 (33) 4 of 16 (25) 
lesser sac 
Psoas—pararenal 0 of 6 (0) 0 of 2 (0) 0 of 8 (0) 
Intraparenchymal 
Hepatic 1 of 17 (6) 0 of 6 (0) 1 of 23 (4) 
Renal 0 of 4 (0) — 0 of 4 (0) 
Splenic 0 of 1 (0) — 0 of 1 (0) 
Hepatic and — 0 of 1 (0) 0 of 1 (0) 
splenic 
Total 2 of 151 (13) 8 of 49 (16) 10 of 200 (5-0) 





Values in parentheses are percentages 


Discussion 

The prognosis of abdominal abscesses depends on their size, 
site and number, and the pathogenesis of the fluid collections?. 
Unfavourable prognostic factors include a poor general 
condition, a history of diffuse peritonitis and a past history of 
surgery. Several studies have reported mortality rates ranging 
from 11 to 35 per cent for patients undergoing surgical drainage 
of abscess'. In the authors’ experience of surgical drainage of 
132 abdominal abscesses over a 10-year period, the overall 
mortality rate was 13 per cent. The mortality rate for different 
anatomical sites was nil for retroperitoneal (excluding 
pancreatic) and intraparenchymal abscess, 2 per cent for 
periappendiceal and pelvic sites, 25 per cent for other 
intraperitoneal locations and 50 per cent for pancreatic 
abscess*, 

The development of new diagnostic methods (ultrasono- 
graphy, CT) often allows an early diagnosis to be made; overall 
diagnostic accuracy ranges between 80 and 100 per cent for CT 
and between 67 and 80 per cent for ultrasonography, depending 
on the site of collection and experience of the operator!'*"5. 

Recently, percutaneous drainage guided by ultrasonography 
or CT has been used extensively in the treatment of abdominal 
abscess as a logical extension of these diagnostic methods®. 
Randomized controlled studies comparing percutaneous and 
surgical drainage are not available: In a retrospective 
case-control study no significant difference in morbidity 
and mortality rate was found between 27 patients with 
percutaneously drained and 27 with surgically drained 
abscesses’. These results were confirmed recently in a larger 
study®. Since the prelmininary experiences of Haaga and van 
Sonnenberg, the indications for percutaneous drainage have 
been extended. Although 80—100 per cent of patients with a 
single abscess can be cured using this procedure, only 50 per cent 
of those with a complex abscess are treated successfully. 
Nevertheless, surprisingly good results have been obtained 
(60-100 per cent cure rate) for abscesses communicating with 
the intestinal lumen, abscesses associated with Crohn’s disease? 
and infected pancreatic pseudocysts!®. The success of 
percutaneous drainage for treatment of retroperitoneal 
abscesses depends on the site of the infection. The success rate 
for treatment of renal and perirenal abscess using percutaneous 
drainage ranges from 75 to 100 per cent!!:12, but abscesses 
arising in acute pancreatitis, because of their size and spreading 
nature, are cured percutaneously even with multiple- 
catheter drainage in only 40—60 per cent of cases!®!3:!*, For 
complex pancreatic abscesses, percutaneous drainage was used 
in the present series to treat critically ill patients only as a 
temporary measure to obtain an improvement in clinical 

- condition as suggested by Pickelman and Moncada'>. The 


present data (33 per cent mortality rate) do not, however, 
support this approach, and confirm the results of Adams et 
al.'*. Critically ill patients with a high APACHE Il score ( > 15) 
and complex pancreatic abscesses probably require immediate 
surgical drainage and represent the only group for whom failure 
of percutaneous drainage might lead to undue delay in surgical 
exploration. 

Despite technical difficulties, the drainage of pelvic abscesses 
can be performed using an abdominal or endoluminal 
approach, with a success rate of 80 per cent!*-!®. Treatment 
of abscesses that arise as a complication of acute sigmoid 
diverticulitis using percutaneous drainage has been discouraged 
because standard surgical measures address both the underlying 
pathological condition and local sepsis. A multistage procedure 
is required in 20-50 per cent of patients. The use of per- 
cutaneous drainage to treat selected cases of diverticular abscess 
might ‘be able to change a two-stage or multistage procedure 
into a single surgical operation!’-!°. In our experience, a 
one-stage sigmoid resection and anastomosis could be per- 
formed in nine of 12 patients who underwent percutaneous 
drainage for peridiverticular abscess. Percutaneous drainage 
for periappendicular abscess is effective and can avoid a surgical 
operation for the abscess or simplify potentially difficult 
surgery?°; however, in our opinion, a single surgical approach 
(abscess drainage and appendicectomy) is always preferable, 
except for very high-risk patients, because the incidence of 
complications is lower. 

Percutaneous drainage has been found to be effective for 
treatment of intraparenchymal abscesses and carries a low 
mortality rate, usually 3 or 4 (range 0—13) per cent. The abscess 
fails to resolve in 10—20 per cent of patients?!:2?. In the present 
study, one death was recorded among 29 patients affected by 
intraparenchymal abscess (3 per cent); this death was from 
tumour progression in a patient with end-stage malignancy. 
Three of the five cases of failure after drainage of hepatic 
abscesses were in immunocompromised patients; all recovered 
after surgical drainage. For a patient with multiple hepatic 
abscesses, catheterization of the portal vein for locoregional 
chemotherapy was performed and the patient was discharged 
in good health 10 days after percutaneous drainage. We believe . 
that the combination of abscess drainage and portal vein 
catheterization may improve the outcome of percutaneous 
treatment of complex hepatic abscesses. 

Multilocation, a thick abscess wall that does not collapse 
with drainage, and the presence of necrotic tissue, haematoma 
or a foreign body were common causes of failure. Nevertheless 
the most common cause of failure, particularly in inter- 
mesenteric and infected pancreatic collections, was incomplete 
diagnosis (30 per cent of cases), despite the widespread use of 
CT. Improvement in diagnostic accuracy might be obtained 
using immunoscintigraphy??, 

Drainage guided by CT is more accurate for treatment of 
retroperitoneal and pelvic abscesses because of the higher 
definition of this imaging technique!!%. Nevertheless, ultra- 
sonography has the advantage of greater versatility and 
percutaneous drainage can be performed safely at the patient’s 
bedside, which is of help in the management of critically ill 
patients and those with sepsis. 

In conclusion, the results of the present study and previous 
reports':® show that ultrasound-guided percutaneous drainage 
of abdominal abscesses is indicated whenever feasible as a safe 
and relatively atraumatic procedure with few complications and 
late sequelae. In critically ill patients, percutaneous drainage 
of complex abscesses, despite the low success rate, often permits 
clinical improvement with subsequent reduction of postoperative 
mortality. Ultrasound-guided catheterization of the portal vein 
may have a useful role in the treatment of multiple liver 
abscesses. 
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Repeat liver resection for 
recurrent colorectal metastases 


Sixteen patients underwent 18 repeat liver resections for recurrence of 
colorectal hepatic metastases that had been previously resected. Only 
minor liver resection had been undertaken at the first operation, three 
were palliative. The second operation was major hepatectomy in ten 
patients, minor resection in five and orthotopic liver transplantation in 
one. In one patient, lung metastases were resected before the second 
operation. One repeat hepatectomy was palliative. After partial liver 
resection, there were no deaths and complications were observed in six 
of 15 patients. One patient died 2 weeks after liver transplantation. 
After the second resection, 2-, 3- and 5-year survival rates were 67, 57 
and 30 per cent; the mean survival time was 33 (range 8—93) months. 


. Tumour recurrence was observed in 11 of 14 patients 4—32 (mean 13) 


months after a second curative liver resection; two patients received a 
third curative operation for recurrent liver metastases. After the second 
curative hepatectomy, seven patients died from disease after a mean of 
36 (range 14—61) months and seven are currently alive at a mean of 
33 (range 8-93) months. Four of these patients are free from disease 
26—93 months after resection and three are alive with recurrence. Repeat 
hepatectomy for recurrent colorectal metastases can prolong survival 


Correspondence to: 
Professor B. Nordlinger 


Surgical resection is generally considered the best treatment for 
resectable colorectal liver metastases. The 5-year survival 
rate!~!3 is around 25 per cent and ranges from 16 to 45 per cent; 
few patients with histologically proven unresected liver 
metastases survive 5 years'+-!®. However, in 60-70 per cent 
of patients, recurrence is observed in the years or even months 
after resection®:#-!!:17-22, Approximately half of these recur- 
rences are located in the liver®; 10—55 per cent represent isolated 
hepatic recurrence?*68-9.11.17-25 Most are diffuse and 
irresectable, but a small percentage are potentially resectable 
„according to their size, location and relationship to the vascular 
pedicles. 

If repeat hepatectomy for recurrent liver metastases is to be 
worthwhile it must be determined whether operative risk and 
postoperative mortality and morbidity rates are increased 
compared with primary liver resection, and what the long-term 
results are. Therefore, 16 patients who underwent repeat 
hepatectomy for colorectal, metastases from January 1984 to 
June 1991 were studied. 


Patients and methods 


Between May 1970 and June 1991, 189 patients underwent hepatic 
resection for colorectal liver metastases. Of 181 who underwent curative 
hepatectomy, 75 (41-4 per cent) developed liver recurrence; this was 
isolated in 60 cases (80 per cent). Ten patients (13 per cent) underwent 
a second liver resection for recurrence. Two other patients in whom 
the first resection was incomplete are also included in this report. In 
addition, four patients were referred to this department from another 
hospital for a second hepatectomy; in one of these patients the first 
liver resection had been incomplete. Thus, a total of 16 patients (12 
men, four women; mean age at second hepatectomy 60 (range 36-75) 
years) underwent repeat liver resection; two each underwent three 
successive resections (Table 1). Overall, 8-7 per cent of the 207 liver 
resections for colorectal metastases were repeat procedures. 

Of these 16, the primary tumours were located in the rectum (eight 
patients), left colon (six), right colon (one) and transverse colon (one) 
(Table 1). Pathological reports were available for 13; eight primary 
tumours were Dukes’ C and five Dukes’ B. Contiguous spread of the 
primary was present in three cases. The resection of the primary 
tumour had been considered curative in all cases; margins were free 


in selected patients and has low, operative risk. 


from tumour. Three patients had received adjuvant postoperative 
radiotherapy. 

The first liver metastases were synchronous with the primary cancer 
in ten patients; these were detected a mean of 11-9 (range 6-9-15-4) 
months later in six. All patients but one were asymptomatic. In nine 
patients, the liver metastases were diagnosed during surgery. In one of 
these patients, the metastases were discovered during reoperation for 
an anastomotic recurrence 11 months after resection of a rectal cancer 
(patient 5). Serum levels of tumour markers were raised in five of ten 
patients for whom such information was available. 

Six patients had a solitary liver metastasis and ten multiple hepatic 
metastases (range 2-10 nodules). The metastases involved the left lobe 
(three patients), the right lobe (seven) or were bilateral (six). The mean 
diameter of the largest liver metastasis was. 2-9 (range 0-2~—6-0) cm. 
Extrahepatic disease was present in three of the 16 patients; recurrence 
of the primary tumour (patient 5), contiguous diaphragmatic spread 
of the liver metastases (patient 3) and associated lung metastases 
(patient 2). g 

In eight patients, resection of the liver metastases and primary 
tumour were performed during the same operation; in the other eight 
the hepatectomy was separated from the intestinal resection by a mean 
period of 15-2 (range 1-8-28-2) months. Fifteen patients underwent one 
or more subsegmental resections (metastasectomies ). One patient had 
a left lateral segmentectomy. In six, a Pringle manoeuvre was used for 
the first liver resection. 

A macroscopically complete resection of all tumour tissue, both in 
and outwith the liver, was achieved in 13 of the 16 patients; this was 
considered curative. The margin between the tumour and the cut edge 
of the liver was >1 cm in 11 cases and <1 cm in two; five of these 
patients received adjuvant postoperative systemic chemotherapy. 

In patients 2, 7 and 15, in whom gross tumour was left in place, 
hepatectomy was considered palliative. In patient 2, lung metastases 
and a contralateral liver metastasis were diagnosed 1! month after the 
first liver resection. In patients 7 and 15, the resection of liver metastases 
was planned in two sessions. These three patients received postoperative 
systemic chemotherapy. 

The operative mortality and morbidity rates for the first liver 
resection were 0 and 6:2 per cent respectively and unrelated to the 
hepatectomy. The mean inpatient stay was 13-7 (range 9~21) days. 

Patients were subsequently submitted to a periodical follow-up 
programme including physical examination, determination of tumour 
markers in serum, abdominal computed tomography (CT) and/or 
ultrasonography, chest radiography and colonoscopy. Asymptomatic 
liver recurrence in 13 patients was discovered a mean of 15-2 (range 
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Table 1 Details of 16 patients undergoing repeat liver resection 
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Interval 
First between 
diseaso- first and Discase- Survival 
: free No. of second free after last 
Patient Age Location interval liver resections interval Third resection 
no. Sex (years) of primary (months) metastases First resection* (months) Second resection (months) resection* Status (months) 
1 M 64 Rectum 0 3 Left metastasectomy (3) 11 Left lobectomy 8 == Alive with disease 10 
2 M 60 Rectum 0 2 Left metastasectomy (1)t 2 Right lobectomy 6 — Alive with disease 8 
3 M 63 Rectum 7 1 Right metastasectomy (1) 13 Right lobectomy 9 — Died from disease 14 
4 M 57 Rectum 0 1 Left metastasectomy (1) 9 Right trisegmentectomy X -= Died from discaso 24 
5 M 60 Sigmoid 11 1 Left lateral segmentectomy 14 Right lateral 25 =- Died from disease 47 
segmentectomy 
6 F 58 Sigmoid 13 4 ` Right and left 29 Right lobectomy 26 — Alive without 26 
*  metastasectomy (4) disease 
7 M 59 Transverse 13 10 Right and left OLT OS — Died after OS 
colon metastasectomy (8)}t operation 
8 M R Rectum 0 1 Right motastasectomy (1) 40 Right lobectomy 6 — Died from disease 15 
9 F 56 Sigmoid 15 2 Subsegmentectomy (VI) 13 Left lateral 33 =- Alive without 33 
segmentectomy disease 
10 M 49 Rectum 0 2 Right and {eft 6 Right tnsegmentectomy 26 — Died from disease 61 
mictastasectomy (2) 
It M 63 Rectum 0 4 Right and left 26 Subsegmentectomy (VII) 32 Segmentectomy Died from disease 24 
metastasectomy (2) (VII~VI) 
12 M 59 Rectum 13 “2 Segmentectomy (VI-VII) 15 Left lobectomy 7 _ Deed from disease 32 
13 M 35 Splenic 0 1 Right metastasectomy (1) u Right tnsegmentectomy 12 Left metastas- Alive without 38 
flexure ectomy (I) disease - 
14 F 64 Sigmoid 0 1 Right metastasectomy (1) 25 Subsegmentectomy (IV) 93 —— Alive without 93 
disease 
15 M 33 Sigmotd 0 Right metastasectomy {i}f 15 Right trisegmentectomyf 0 — Died from disease 14 
16 F 57 Right colon 0 4 Right and left 9 Segmentectomy (VI-VII) 4 — Alive with disease 9 


metastasectomy (4) 


“Values in parentheses are number of metastases; {palliative resection. OLT, orthotopic liver transplantation 


5-2—37-0) months after the first liver resection by ultrasonography. In 
eight cases, the tumours were solitary; four patients had three or more 
lesions. The mean diameter of the largest tumour was 49 (range 
25-150) cm (data from 15 patients). In the nine patients who had 
undergone curative resection for unilateral metastases, the liver 
recurrences were unilateral in seven and bilateral in two cases. These 
recurrences were located in the same lobe in five patients and in the 
contralateral lobe in four. One of these recurrences was on the cut edge 
of a metastasectomy (patient 3). 

Before reoperative liver surgery all patients underwent physical 
examination, colonoscopy, CT of the chest and pelvis, and radionuclide 
bone scintigraphy. At operation, the abdomen was explored to rule 
out other irresectable sites of recurrence. Of 15 partial second 
hepatectomies, ten were major resections (more than three segments 
according to Coumnaud?®) and five minor. Intraoperative ultra- 
sonography of the liver was used routinely. These partial resections 
were performed under normothermic ischaemia lasting 16—90 (mean 
42-5) min, with either a Pringle manoeuvre alone (nine cases) or 
complete hepatic vascular exclusion (four). In two cases, the Pringle 
manoeuvre had to be converted into vascular exclusion because of 
intraoperative haemorrhage. In three, contiguous spread of the tumour 
required extension of the liver resection to include the diaphragm and 
pleura. Tumour thrombi were found in two resected specimens: one 
in a branch of the right portal vein (patient 5) and one in a bile duct 
(patient 9). 

In three patients who had undergone a palliative first hepatectomy 
(patients 2, 7 and 15), residual tumours remained stable for | year 
while the patients received systemic chemotherapy. In patient 2, 
pulmonary metastases were completely resected 2 months before the 
repeat liver resection; the lung metastasectomy was considered curative. 
Orthotopic liver transplantation was performed in patient 7 with 
metastases restricted to the liver. Patient 15 could not undergo complete 
resection of tumour because of invasion of vessels and portal nodes. 

Survival rates after the second and last curative liver resection were 
calculated according to the Kaplan—Meier method. 


Results 


There was no operative death after partial liver resection. 
Reversible complications were observed in six patients: ascites 
(one), liver failure (one), bile leak (one), respiratory 
complications (three) and thrombophlebitis (one). Adhesions 
in four patients and trauma to the right hepatic vein in one 
were responsible for major peroperative haemorrhage. The 
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Figure 1 Overall (—, n = 15) and disease-free (---, n = 14) survival 


after second liver resection 


mean volume of overall replacement of blood loss was 5-7 (range 
0-19) units packed red blood cells and 7-3 (range 0-25) units 
fresh frozen plasma. Five patients did not receive either red 
blood cells or fresh frozen plasma. The mean inpatient stay was 
14 (range 9-23) days. One death occurred on the 16th day 
after surgery, following liver transplantation. 

Six patients received postoperative systemic chemotherapy. 

After the second hepatectomy, the mean follow-up was 33 
(range 8—93) months; no patient was lost to follow-up. The 
2-, 3- and 5-year overall and disease-free survival rates were 
67, 57 and 30 per cent, and 50, 36 and 18 per cent respectively 
(Figure 1). After a second curative liver resection, three patients 
were free from disease and are currently alive at 26, 33 and 93 
months, and 11 presented with recurrence after a mean interval 
of 13 (range 4-32) months. Recurrent tumour was located in 
the liver only (six patients), the lungs only (one), the pelvis 
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only (one), the liver and lungs (two), and the lungs and bone 
(one). Two of eight hepatic recurrences were located on the 
cut edge of the second liver resection. After the only palliative 
hepatectomy, patient 15 became jaundiced after 4-6 months and 
died at 14 months. 

Of the six patients with isolated hepatic recurrence, three 
had diffuse involvement of the liver remnant and the other three 
could undergo reoperation. One (patient 5) underwent 
exploratory laparotomy because the projected resection was 
assumed to be too extensive with regard to the predicted 
remaining parenchyma. Two patients had a third minor 
curative hepatectomy, extended to the adjacent diaphragm in 
one; there was no operative mortality. One patient had transient 
jaundice and the other a respiratory complication. One (patient 
11) showed recurrence on the cut edge of the liver and in 
aortoiliac nodes 21 months after the third liver resection and 
died 3 months later. The other (patient 13) is currently alive 
without disease 38 months after the third hepatectomy. 

After the last liver resection, the mean follow-up was 30 
(range 8-93) months. No patient was lost to follow-up. The 


100 
80 
60 


40 


Survival rate ($) 


20 


0 12 24 36 48 60 


Time after operation (months) 


Figure 2 Overall (—, n = 15) and disease-free (---, n = 14) survival 
after final liver resection 





2-, 3- and 5-year overall and disease-free survival rates were 
67, 49 and 32 per cent, and 43, 29 and 29 per cent respectively 
(Figure 2). No liver recurrence was observed in seven of 14 
patients after 16 curative resections. Four of these patients are 
currently alive without disease 26, 33, 38 and 93 months after 
the last hepatectomy. Seven died from recurrence a mean of 31 
(range 14-61) months after the last curative liver resection 
(Table 1). 


Discussion 

This report analyses a large series of repeat hepatic resections 
for recurrent colorectal liver metastases performed in a single 
institution. Of 181 patients who underwent supposedly curative 
hepatectomy for colorectal metastases, 41-4 per cent developed 
liver recurrence and only ten could undergo repeat resection 
with curative intent. Two patients who had undergone 
incomplete resection of the first liver metastasis and four 
referred from another institution were also included in the 
present series. Operative mortality and morbidity rates were 
similar for primary and repeat hepatectomy. The 2-, 3- and 
5-year survival rates after the second liver resection were 67, 
57 and 30 per cent respectively, similar to those observed after 
primary resection’*. Four patients are alive and free from 
disease 26-93 months after the second hepatectomy. 

Most recurrences in the liver after resection of hepatic 
metastases are not resectable. The resectability rate in the 
present series was 13 per cent; the other recurrences were either 
multifocal or associated with irresectable extrahepatic recur- 
rence. Resectability rates up to 53 per cent have been observed 
for recurrent liver metastases'1-?1,2?-9. It is reasonable to wait 
at least a few weeks after diagnosis before resecting a recurrent 
liver metastasis, to be sure that it is not the first manifestation 
of diffuse metastatic disease. 

In the present series, resectable recurrent liver metastases 
were observed in patients in whom the first such metastases 
had been excised with a minor hepatectomy. It could be argued 
that the first liver resection had been insufficient. The rate of 
recurrence does not however appear to correlate with the extent 
of hepatectomy provided a 1-cm margin of normal parenchyma 
is resected with the tumourt*7-9-10-1618.30.31| On the other 
hand, the rate of repeat hepatic resection for recurrent liver 
metastases is probably higher after minor hepatectomy because 
such resections do not greatly modify the anatomy of the organ 
and do not induce many adhesions, so subsequent liver 


Table 2 Reported cases of repeat hepatectomy for colorectal Iwer metastases 


Mean interval Mean survival 





between after last 

No. of Operative resections Patients with resection 
Reference Year patients mortality* (months yt recurrence* Deaths* (months )f 
Tomas de la Vega et al.4? 1984 4 0 — 2 (50) 2 (50) 22 
Butler et al.? ` 1986 2 0 — 0 (0) 0 (0) 6, 17** 
Joyeux et al.*° 1987 4 0 — 4 (100) 0 (0) 21 (12-36) 
Dagradi et al.?” 1987 9 0 21 (8-38)9 — 4 (44-5) 16 (1-37) 
Nordlinger et al.?! 1987 6 0 18 (5—40)§ 4 (67) 1 (17) 14 (2-28) 
Fortner?! 1988 3§ 0 — 2 (67) 1 (33) 5, 16, 39** 
Lange et al.?? 1989 9§ 0 15 (6-36) 4 (44) 4 (44) 17 (1-41) 
Griffith et al.3° 1990 9 1 (11) 21 (1-39) 1 (12) 0 (0) 30 (9-67) 
Huguet et al.3® 1990 8 0 17 (6—40) 6 (75) 3 (37-5) 32 (13-56) 
Stone et al.?® 1990 10 0 9 (0-20) 7 (70) 4 (40) 21 (6-43) 
Scheele et al.!3 1991 9 0 — 0 (0) 2 (22) — 
Vogt et al? 1991 74 0 — 4 (57) 2 (29) 44t 
Gouillat et al.*4 1991 7 0 19 (9-45) =- — : 14 
Bozzetti et al.?? 1992 il 1 (9) 19 (8-59) 5 (50) 3 (30) 18 (3-42) 


*Values in parentheses are percentages; fvalues in parentheses are ranges; {median. §One patient underwent three resections; #two patients 
underwent three resections; § disease-free interval; **individual survival times i 
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resection is not complicated??:33, A second liver resection is 
also possible after major hepatectomy in some cases?®:33:34, In 
such patients, where the anatomy has been modified by liver 
regeneration, intraoperative ultrasonography of the liver?’ and 
operative cholangiography can be useful to localize the tumour, 
detect unsuspected nodules and define their relation with the 
main vessels and bile ducts. 

Clamping of the portal triad can be of particular value in 
such cases to reduce blood loss during resection. It can be 
associated with complete hepatic vascular exclusion for the 
resection of large or posterior liver tumours?*38. These 
techniques are well suited to reduce intraoperative blood loss, 
now known to be the major determinant of operative mortality 
and morbidity?*°. In the present series, mean blood loss 
replacement was 5-7 units red blood cells and 7-3 units fresh 
frozen plasma; five of 15 patients received no blood. No patient 
died after partial liver resection, and reversible complications 
were observed in six of 15. The rate of operative death or 
complication and the mean inpatient stay do not appear to be 
higher for repeat liver resection?:1!:13.21.27-29,33,34,38-42 
(Table 2) than for primary hepatectomy?-3->-6-9:11:18.24,25,30, 
31,4245. An increased operative mortality rate would certainly 
reduce or even remove the long-term benefit expected after such 
resection. 

With a mean survival time of 33 months in the Present report 
and 11:5-31:5 months in the literature?+!1:21:27.28.33.38,39.42 | 
the long-term results of repeat hepatectomy are similar to those 
observed after primary resection. Others?™?4 have observed 
median survival times after the last liver resection of 44 and 14 
months. In six patients undergoing eight liver resections, 
Nakamura et al.*! observed 2-, 3- and 5-year survival rates 
after initial hepatectomy of 83, 67 and 50 per cent. The 
indications to resect recurrent liver metastases should be the 
same as for first metastases: the tumours should be resected 
completely with a margin of 1cm of normal parenchyma if 
there is no uncontrolled extrahepatic disease and in the absence 
of portal or coeliac node invasion. 

Liver transplantation for diffuse or recurrent hepatic 
metastases of colorectal cancer is usually followed by rapid 
recurrence and is not considered worthwhile*®. For irresectable 
recurrent liver metastases, cryosurgery has been introduced 
recently?8, 

The present results emphasize the need for careful follow-up 
after hepatectomy for colorectal metastases to detect resectable 
liver recurrence. Repeat curative hepatectomy is able to provide 
prolonged survival in selected patients, with an operative risk 
similar to that of first procedures. 
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Surgery of the Liver, Biliary System and Pancreas 


The British Council are holding a course devoted to Surgery of the Liver, Biliary System and 
Pancreas in The Royal College of Surgeons of Edinburgh from 17 to 23 October 1993. The 
course is intended for discussion of complex issues with an audience composed of relatively 
senior specialist surgeons. Topics to be covered will include: cholelithiasis and choledocho- 
lithiasis; minimally invasive hepatobiliary surgery; transplantation of liver and pancreas; acute 

j and chronic pancreatitis; pancreatic and periampullary cancer; hepatobiliary trauma; portal 
hypertension; and hepatic and biliary malignancy. The course will be directed by Professor 
D. C. Carter, University Department of Surgery, The Royal Infirmary, Edinburgh. 


Further information can be obtained from: Courses Department, The British Council, 


10 Spring Gardens, London SWIA 2BN, UK. 
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Polyps of the gallbladder are rare lesions, which can be defined 
as tumours or tumour-like projections arising from the mucosa 
of the organ. The true incidence of gallbladder polyps is 
unknown. In published data, around 80 per cent of such lesions 
are found in women, and they occur most commonly in the 
fourth decade of life’. The most frequent symptoms are 
dyspepsia, cramping abdominal pain, epigastric and right upper 
quadrant discomfort, and other symptoms resembling the 
clinical features of chronic gallbladder disease. Diagnosis is 
most commonly made by ultrasonography; however, the 
usefulness of this technique in identifying such polyps is 
controversial. The present prospective study was therefore 
designed to determine the reliability of ultrasonography in the 
diagnosis of gallbladder polyps. 


Patients and methods 


Between 1983 and 1991, 23 patients were diagnosed by ultrasonography 
as having gallbladder polyps. Diagnosis was made on the basis of single 
or multiple fixed echoes that projected into the lumen of the gallbladder 
and which had no acoustic shadow. All of these patients underwent 
cholecystectomy; the operative specimens were examined histopatho- 
logically and results correlated with the preoperative ultrasonographic 
appearances. 


Results 


There were 17 women and six men; the age range was 23-72 
(mean 43) years. Gallbladder polyps were found in only 13 
patients by histopathological examination (Table 1). 

In the ultrasonographic study the diameter of the 
non-shadowing echogenic foci measured 2-3mm in five 
patients, 4-5 mm in ten and 6-7 mm in eight. 
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Table 1 Results of histopathological examination in 23 patients 





No. of patients 





Gallbladder polyps 1 
Chronic calculous cholecystitis 

Chronic acalculous cholecystitis 

Normal gallbladder 


ma U3 O Ua 





The interval between the ultrasonographic study and 
cholecystectomy ranged from 2 to 30 (mean 7-2) days. Two 
patients whose first ultrasonographic studies were performed 
in other centres were examined for a second time in this 
department; both were found to have gallbladder polyps on 
histopathological examination. 


Discussion 

Diagnosis of gallbladder polyps is relatively easy and is readily 
made with ultrasonography. This method has advantages over 
other imaging techniques because of its ability to demonstrate 
very small lesions. The non-shadowing single or multiple fixed 
echoes that project into the lumen of the gallbladder and are 
detected by ultrasonography are regarded as gallbladder 
polyps®?. Other lesions that may mimic polyps include small 
gallstones impacted in the wall, thick bile (sludge ball) or 
mucosal folds?. However, it becomes harder to determine the 
exact nature of the lesion as the diameter of the mass projecting 
into the gallbladder lumen decreases. 

In the present study six patients were found to have 
gallstones. The diameter of four of these lesions was <5 mm. 
In four patients no lesion was found in the gallbladder. 

In summary, the results of this study reveal that 
ultrasonpgraphic criteria for the diagnosis of gallbladder polyps 
need to be revised and repeated ultrasonographic studies should 
be performed at intervals, especially for small lesions, to 
improve diagnostic accuracy. 
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The rapid adoption of laparoscopic cholecystectomy has raised 
questions about training and practice. The extent to which this 
technique has become established in surgical practice in the 
UK, how surgeons are trained for the procedure and the source 
of funding used to introduce it were investigated. 


Results 


A questionnaire was sent to 1031 consultant general surgeons 
working in the UK; identifying information was removed from 
all replies. A total of 783 surgeons replied (75-9 per cent); of 
these, 691 (88-3 per cent) performed cholecystectomy. 
Laparoscopic cholecystectomy was being performed by 386 
surgeons and 212 planned to introduce it. Only 103 of those 
performing cholecystectomy (14-9 per cent) did not intend to 
undertake the laparoscopic procedure and cited the following 
reasons: too old or about to retire (45 respondents ); operation 
performed by colleagues (22); mainly subspecialized (20); no 
advantage or deemed to be dangerous (12); too busy (two); 
not interested (one); and other reasons (one). 

The number of laparoscopic cholecystectomies performed 
by the 386 surgeons and the rates of conversion to an open 
procedure are shown in Table 1. 

Of the 457 surgeons who responded to the question about 
funding, 260 (569 per cent) had been funded through 
conventional National Health Service resources. The remainder 
were financed from waiting list initiatives, trust funds or 
charitable donations. 

Of the 618 surgeons responding to questions of training, 
only ten (1-6 per cent) felt that specific training for laparoscopic 
cholecystectomy was unnecessary yet 113 (18-3 per cent) had 
taught themselves without attending formal courses. Some 491 
(79-4 per cent) had studied videos of the technique and 320 
(51-8 per cent) had visited another surgeon to observe or assist 
at laparoscopic cholecystectomy; 411 (66-5 per cent) had 
invited surgeons experienced in the operation to assist in their 
own hospital. Only 54 (8-7 per cent) had trained on an animal 
model while 196 (31-7 per cent) had attended training courses 
offering hands-on experience. 

Of surgeons already performing laparoscopic cholecyst- 
ectomy, 53 (13-7 per cent) would have preferred more training 
before introducing the procedure, as did 67 (31-6 per cent) of 
those still planning to introduce it. In the preceding 5 years 
252 surgeons (36-5 per cent) had routinely performed diagnostic 
laparoscopy. 

All surgeons who had performed more than 50 procedures 
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Table 1 Laparoscopic cholecystectomies performed and percentages 
converted to open procedures 





Median (range) 
rate of 
conversion to 


No. of surgeons 


No. of operations who have never 





performed by No. of converted to open operation 
each surgeon surgeons open operation (%) 

1-10 207 128 0 (0-100) 
11-20 71 22 8 (0-27) 
21-30 47 5 7 (0-20) 
31-40 16 2 4 (0-12) 
41-50 18 2 4 (0-31) 
51-60 8 0 5 (2~9) 
61-100 4 0 4 (2-5) 

> 100 15 0 3 (1-11) 





had converted to open operation at least once but there was a 
trend to lower conversion rates with increasing experience 
(Table 1) Of 197 surgeons who were not performing 
laparoscopic cholecystectomy, 113 operated a policy of routine 
cholangiography while 55 were selective. Of the surgeons 
performing laparoscopic cholecystectomy, 54 undertook 
routine cholangiography, 121 performed cholangiography 
selectively and 193 not at all. 

Several surgeons thought that the difficulties of learning the 
procedure and the requirements for training had been 
overemphasized. Only five remained unconvinced of the 
advantages of laparoscopic cholecystectomy. A recurring 
complaint was of lack of National Health Service funding to 
start the service. 


Discussion 

By the end of 1991 the majority of general surgeons in the UK 
undertaking cholecystectomy had started or intended to start 
performing laparoscopic cholecystectomy. Only 15 of the 
present respondents (1-9 per cent) were not convinced of its 
advantages. It is difficult to know whether surgeons in the UK 
have embarked on this procedure without adequate training 
because reports of deaths resulting from the procedure and of 
common bile duct injury are largely anecdotal, as are reports 
of significant morbidity. The present study has shown that the 
majority of surgeons favour formal training including 
workshops and hands-on courses; these skills will be relevant 
as other laparoscopic techniques are introduced. 

It is likely that, compared with nearly 40 per cent in this 
survey, all general surgeons (excepting those in subspecialties) 
will become regular and experienced laparoscopists. Similarly, 
all surgical training programmes will inevitably have to include 
laparoscopic training. The lessons learned from the intro- 
duction of laparoscopic cholecystectomy should be applied to 
other minimally invasive techniques with regard to guidelines 
and training. Laparoscopic cholecystectomy has, in a 
remarkably short time, become firmly established in surgical 
practice in the UK. 
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Fully implantable venous access 
systems 


Central access systems are a considerable step forward in the treatment 
of patients with cancer. Experience with totally implantable vascular 
access systems is reported. Since 1986, 185 reservoir pumps have been 
implanted. Access was by percutaneous cannulation of the subclavian 
vein in 130 cases (70 per cent) and surgical exposure of the external 
jugular vein in 40 (22 per cent); other sites of insertion were used in 
15 cases (8 per cent). The mean duration of use of the reservoirs was 
276 (range 1-632) days (total 51 150 catheter-days). The mean number 
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Venous access for chemotherapy in patients with cancer has 
been considered to represent a physical risk as well as a 
psychological problem. Antineoplastic drugs are often severely 
irritating, leading to destruction of available surface vessels. 

The Silastic (Dow Corning, Reading, UK) right atrial 
catheters described by Broviac et al.! and Hickman and 
colleagues? represented a great step to achieve safer and less 
painful vascular access. The high rates of sepsis and thrombosis 
associated with these catheters have nevertheless limited their 
use**. To decrease these complications, fully implantable 
vascular access systems were devised*-®. 

The present study analyses the results obtained in this 
department from the use of totally implantable venous access 
systems in patients with malignant disease. 


Patients and methods 


Since 1986, 185 implantable catheter systems have been placed in 176 
patients of whom 108 (61-4 per cent) were women (Table 1). The mean 
age of the patients was 53 (range 16-79) years. 

Two types of reservoir were used. The Port-a-Cath (Pharmacia, 
Milton Keynes, UK) system was initially placed by inserting the 
catheter through the dissected cephalic vein in the deltopectoral groove. 
This technique was applied in no more than 15 cases (8-1 per cent); it 
was substituted by surgical exposure of the external jugular vein because 
the cephalic vein was often of small calibre or obliterated. The improved 
procedure of placement of this type of reservoir was used in 40 cases 
(21-6 per cent). The Implantofix (B. Braun, Melsungen, Germany ) was 
placed by percutaneous cannulation of the subclavian vein, using a 
technique developed in this department. A 1-cm incision is made in 
the infraclavicular fossa, using local anaesthesia and sterile technique. 
Through the incision, the subclavian vein is punctured by the usual 
procedure; however, this is done using a split cannula (Splittocan; 
B. Braun) with an internal lumen of 1-9 mm which allows introduction 
of the Implantofix catheter (external diameter 1-7 mm). Then the 
cannula is divided, and the skin incision enlarged to 3 cm to develop 
the subcutaneous pocket. The port is placed into the pouch and sutured 
to the pectoral fascia. The entire procedure requires 5-10 ml local 
anaesthetic agent and the mean duration of placement was 15 min. 
This method was used in 130 cases (70-3 per cent). 


Results 


The total number of catheter-days was 51150 for a mean 
catheter working time of 276 (range 1-632) days. The mean 
number of injections was 390 (range 2-670). 

A total of 29 patients died with a working device in place. 
There were 25 complications (0-5 per 1000 catheter-days of 
treatment), the most frequent of which were mechanical 
(Table 2). Extravasation occurred in seven cases (3-8 per cent) 
and venous thrombosis in five (2-7 per cent). Only four patients 
(2'3 per cent) developed catheter-related sepsis, giving an 
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of injections was 390 (range 2-670). The total number of complications, 
mostly mechanical, was 25 (0-5 per 1000 catheter-days). Fully 
implantable venous access systems are safe and reliable, and their 
complications can be prevented with adequate management. 


Table 1 Diagnosis of malignant tumours in 176 patients 

















Diagnosis No. of patients 
Colorectal cancer 47 (26-7) 
Breast cancer 37 (21-0) 
Pharyngeal cancer 21 (11-9) 
Sarcoma 15 (8-5) 
Oesophagogastric cancer 10 (5-7) 
Lung cancer 7 (40) 
Endometrial cancer 6 (3-4) 
Liver cancer 5 (2-8) 
Lymphoma 3 (2:8) 
Other 23 (13-1) 
Values in parentheses are percentages 
Table 2 Complications occurring in 25 cases 
Complication No. of cases 
Mechanical (occlusion ) 

Anomalous position 1 

Catheter bent 2 

Thrombosis 5 
Extravasation 7 
Venous thrombosis 5 
Sepsis 4 
Alterations in electrocardiogram 1 





incidence of sepsis of less than one episode each year and a 
rate of infection of 1 per 12788 patient-days. In 18 cases the 
reservoirs had to be removed because of the complications. The 
implantable pump was replaced by another in nine patients. 


Discussion 


Vascular access for patients who require long-term drug 
delivery was a serious and challenging problem until the 
development of fully implantable venous access systems. These 
devices have enabled complete mobility and a more normal life 
for patients with neoplastic disease. Recently, controlled studies 
have shown that these reservoirs are safer and better tolerated 
than traditional external catheters’ and allow a significantly 
longer infection-free duration of use®. Since 1986 the number 
of devices implanted in this department has been increasing. It 
is worth noting that, in the past 2 years, no complications led 
to the removal of the reservoir. 

Among the possible complications, extravasation was 
caused by improper needle placement in all cases. This problem 
previously always required the withdrawal of the reservoir. 
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Now, with greater experience and well trained nurses, this 
complication has become much less frequent. 

Venous thrombosis was not related to the duration of the 
treatment. A major alteration of the coagulation system was 
found in four patierits and the fifth needed multiple punctures 
to cannulate the subclavian vein. 

The incidence of catheter thrombosis was practically the 
same with the two systems despite the fact that these had a 
different internal lumen. This result is not in agreement with 
previous reports”?° and no explanation has been suggested. 

When there was clinical evidence of general infection, the 
device was removed only after an exhaustive investigation of 
other possible causes of sepsis. The four catheter infections 
encountered in the present patients were confirmed by culture 
of the same organism (Staphylococcus epidermidis in three cases, 
Escherichia coli in one) from both the catheter tip and blood. 
The rate of infection in the present series (1 per 12788 
patient-days) is much lower than that reported with 
percutaneous catheters (1 per 465 patient-days)!’. 

The correct selection of insertion site is of utmost 
importance. The 6-year experience of this department indicates 
that the preferred site of insertion is the subclavian vein by 
means of a direct venous puncture. This is a rapid, secure and 
easy procedure. The subcutaneous pocket is created beside the 
venous puncture and does not require a subcutaneous tunnel. 
When it is impossible to cannulate the subclavian vein, direct 
dissection of the external jugular vein is carried out. 

In summary, totally implantable venous access systems are 
reliable and safe, and provoke a minimal tissue reaction. 
Placement must be by a trained operator, and both nurses and 
patients have to be adequately trained to optimize the benefits 
of the devices and reduce complications as much as possible. 
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Although lipomas are the third most common benign colonic 
tumours after adenomatous and hyperplastic polyps, they are 
uncommon neoplasms’. Usually submucosal in position and 
single, they are sometimes multiple but still few in number?. 
Diffuse lipomatous polyposis of the colon is a very rare 
condition. A patient with colonic lipomatous polyposis that 
was thought to represent a carcinoma complicating familial 
adenomatous polyposis is presented. 


Case report 


A 58-year-old man presented with a l-year history of intermittent 
abdominal pain frequently associated with bloody diarrhoea. In the 


E 
is 


Figure 1 Resected specimens: a segment of colon showing multiple 


sessile pedunculated lipomas; b partially ulcerated and necrotic 
appearance of lipomas mimicking a malignant tumour 
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past 2 months the patient had lost 4 kg in weight. Examination revealed 
no abnormality. The abdomen was soft and non-tender with norma! 
peristalsis. On colonoscopy, more than 50 small smooth polypoid 
lesions were seen from 28 cm above the anus to the mid-transvers« 
colon. At this point there was a firm ulcerated infarcted mass with the 
appearance of an adenocarcinoma. It was obstructing the colonic 
lumen, so the ascending colon was not examined. Biopsy only showed 
vascular granulation tissue 

At laparotomy, examination of the large intestine revealed 
numerous intraluminal polypoid tumours and a rounded mass in the 
middle of the transverse colon. A radical resection of the transverse 
colon was performed 

Histological examination showed a segment of colon containing 47 
submucosal sessile and occasionally pedunculated lipomas of size 
varying from 2 mm to 5 cm in diameter ( Figure la). The largest polyps 
filled the colonic lumen and were markedly haemorrhagic and ulcerated 
(Figure 1b). Microscopic examination revealed the lipomatous nature 
and submucosal position of the polyps. A few of the largest lipomas 
were not only submucosal but subserosal in location, having 
dumb-bell appearance (Figure 2) 

Recovery was uneventful and the patient was discharged 12 days 
after operation 


Discussion 
Intestinal lipomas are usually single, asymptomatic and located 
in the right colon'~*. Most reports of multiple lipomas of the 
large bowel describe a small number of polyps: two or three 
but rarely more than four':*. Diffuse lipomatous polyposis of 
the colon is an exceptional condition* 

Although most lipomas are incidental findings, they 
occasionally precipitate a surgical emergency such as 
intussusception, obstruction or bleeding! Multiple polyp 





b 


Figure 2 a Segment af colon showing submucosal and subserosal 
location of lipomas, b Dumb-bell lipoma 
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ectomies, performed endoscopically or through serial enter- 
otomies, may be considered for scanty lipomas, but local 
excision conserving as much colon as possible or segmental 
excision of the area of intestine that contains the greatest 
concentration of lipomas may be necessary in cases such as the 
one reported here*. 

It is worth noting the ability of intestinal lipomas to simulate 
premalignant and malignant conditions, posing a significant 
problem in diagnosis and treatment. Surgeons have 
occasionally resorted to extensive resection because of the 
difficulty of excluding malignancy on gross appraisal. Lipomas 
must always be considered in the differential diagnosis of 
intra-abdominal neoplasms, particularly in the investigation of 
intestinal obstruction and obscure haemorrhage. 


350 


References 


1. Taylor BA, Wolff BG. Colonic lipomas. Report of two unusual 
cases and review of the Mayo Clinic experience, 1976-1985. Dis 
Colon Rectum 1987; 30: 888-94. 

2. Ling CS, Leagus C, Stahlgren LH. Intestinal lipomatosis. Surgery 
1959; 46: 1054-9. 

3. Ryan J, Martin JE, Pollock DJ. Fatty tumours of the large 
intestine: a clinicopathological review of 13 cases. Br J Surg 1989; 
76: 793-6. 

4. Castro B, Stearns MW. Lipoma of the large intestine: a review 

of 45 cases. Dis Colon Rectum 1972; 15: 441-4. 

Mayo CW, Pagtalunan RJG, Brown DJ. Lipoma of the 

alimentary tract. Surgery 1963; 53: 598-603. 


tay 


Paper accepted 2 November 1992 


Br. J. Surg., Vol. 80, No. 3, March 1993 


Br. J. Surg. 1993, Vol. 80, March, 
351-353 


Photoplethysmography in the 


diagnosis of superficial venous 
valvular incompetence 


Photoplethysmography was compared with clinical investigation 
combined with Doppler ultrasonography in the diagnosis of superficial 


P. H. Rutgers, 
P. J. E. H. M. Kitslaar 
and E. J. M. Ermers 


Department of General Surgery, 
Academic Hospital Maastricht, 
State University Limburg, PO Box 
5800, 6202 AZ, The Netherlands 


Correspondence to: 
Dr P. H. Rutgers 


Since the report by Abramowitz et al.’ in 1979, in which 
photoplethysmography was compared with venous pressure 
measurements in the diagnosis of deep venous valvular 
incompetence, photoplethysmography has been described in 
various publications as a quantitative, reliable, rapid, 
reproducible and non-invasive method of testing the venous 
system'—*. Consequently, this technique has found widespread 
use in the diagnosis of venous disorders of the leg. However, 
various authors have questioned the criteria for interpretation 
of the results of photoplethysmography as well as its 
reproducibility®"!!. . 

In contrast to the allegedly quantitative photoplethys- 
mography, Doppler ultrasonography is a qualitative method. 
It provides information on the presence of venous valvular 
incompetence with a high degree of sensitivity and speci- 
ficity'*-'°. Recently, quantitative aspects of venous (duplex) 
Doppler ultrasonographic studies have also been published?®. 
In modern clinical practice Doppler ultrasonography is among 
the techniques most used to complement clinical examination 
in the diagnosis of superficial venous valvular incompetence!?. 

A study was undertaken to compare the value of photo- 
plethysmography with that of the combination of clinical 
examination and Doppler ultrasonography in the diagnosis of 
superficial venous valvular incompetence of the lower limb. 


Patients and methods 


The study included 268 consecutive patients (201 women, 67 men) 
consulting the surgical department for the first time for varicosities of 
the lower limbs. The mean age was 44 (range 17—76) years. A total of 
536 limbs were examined with photoplethysmography, clinical 
investigation and Doppler ultrasonography. A control group of five 
healthy men and six healthy women (total 22 limbs) without clinical 
manifestation of venous insufficiency underwent the same examinations. 
The mean age of the controls was 32 (range 25-50) years. Photo- 
plethysmography was performed twice in the controls to study the 
reproducibility of the measurement. 


Photoplethysmography 

A photoplethysmograph consists of a transducer, an amplifier and a 
recorder..The transducer emits infra-red light into the underlying 
tissues. The backscattered light is received by a photodetector and the 
resulting signal displayed on a stripchart recorder. The shift from the 
baseline reflects the degree of filling of the cutaneous capillarovenous 
plexus; it reflects the combination of arterial inflow, venous outflow 
and venous reflux in the limb?. The transducer (EC4 plethysmograph; 
Hewlett-Packard, Andover, Massachusetts, USA) was fixed to the skin 








' Presented in part at the Benelux Communication of Phlebology in 
Maastricht, The Netherlands, June 1990 and published in abstract form 
as Phlebologie 1991; 44: 185-8 





0007-1323/93/030351-03 © 1993 Butterworth-Heinemann Ltd 


venous valvular incompetence of the lower limb. In 268 consecutive 
patients, 536 limbs were investigated. A total of 22:1 per cent of the 
photoplethysmographic investigations were uninterpretable because they 
did not allow reliable determination of the refilling time. Agreement 
between clinical investigation combined with Doppler ultrasonography. 
and photoplethysmography was found to be poor (x = 0-30). These 
results suggest that photoplethysmography is not the non-invasive 
method of choice for routine evaluation of superficial venous valvular 
incompetence of the leg. 


near the medial malleolus, taking care not to place it directly over the 
long saphenous vein (LSV). Recordings were obtained with the patient 
sitting with feet in a non-weight-bearing position. When a stable 
baseline was obtained at rest, the patient was instructed to perform 
dorsiflexion of the foot at the rate of one movement per second. During 
dorsiflexion the subcutaneous plexus is emptied, which deflects the 
photoplethysmographic signal from the baseline. Ideally this deflection 
will return to the original baseline after cessation of exercise. The time 
needed for this return is known as the venous refilling time. A time 
>20s is generally considered normal and one <20s abnormal and 
indicative of venous reflux?. By repeating the test with a tourniquet or 
cuff with a pressure greater than the local venous pressure applied 
above the knee, below the knee and at calf level, further differentiation 
of the nature of the valvular incompetence is possible!?. In this study 
sphygmomanometer cuffs were used. Limbs with deep venous 
insufficiency had refilling times (with cuffs) <15 s, whereas those with 
superficial venous valvular incompetence had times (with cuffs) > 15s 
and <20s. 

Four different outcomes of photoplethysmography may be 
obtained: 


1. Normal result while testing without the cuff, indicative of a 
haemodynamically normal venous system without valvular in- 
competence. 

2. Abnormal result that normalizes after placement of a high thigh 
cuff occluding the LSV, indicative of isolated valvular incompetence 
of the LSV. 

3. Abnormal result that does not normalize after placement of a high 
thigh cuff occluding the LSV, considered to be an indication of a 
more complex venous valvular incompetence, such as valvular 
incompetence of the short saphenous vein (SSV), deep venous 
valvular incompetence, valvular incompetence of perforator veins, 


Refilling 


Exercise 


Deflection 








<= CRI- 
RT ————---____—_» 





Time 
Figure 1 Schematic representation of a_photoplethysmographic 


recording with venous refilling time (RT), venous half-refilling time (t,)2) 
and calculated venous refilling time (CRT) indicated 
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or combinations of these with or without LSV valvular 
incompetence. 

.4. A non-interpretable recording obtained with or without the cuff, 
making categorization in one of the above three groups impossible. 


Non-interpretable photoplethysmographic curves consisted of two 
types: either the deflection from the baseline did not return to the 
baseline position after cessation of muscle activity, or the curves showed 
continued drifting away from the baseline after exercise. In an attempt 
to reduce the problem of non-interpretability, two other parameters 
from the recordings were used (Figure 1). First, the venous half-refilling 
time (t,,2), defined as the time necessary for the baseline shift to return 
to 50 per cent of its maximal deflection from baseline, was calculated. 
Normal values? for t,,, are reported as >9 s. Second, the tangent of 
the first part of the recovery slope was drawn and the calculated venous 
refilling time taken as the time from the point of maximum deflection 
to the intercept of this tangent with the original baseline. The reported* 
normal value for this time is >20 s. 


Clinical investigation 

All clinical investigations were performed by two vascular surgeons 
and consisted of inspection, palpation of varicosities and tourniquet 
tests. Tourniquet testing was aimed at finding LSV valvular 
incompetence by observing varicose veins being prevented from filling 
by a high thigh tourniquet and filling retrogradely on release of the 
tourniquet. In a similar way, saphenopopliteal and perforator vein 
valvular incompetence was sought with below-knee tourniquets. Based 
on these examinations all legs were classified according to presence or 
absence of LSV valvular incompetence. 


Doppler ultrasonography 

The Doppler ultrasonography velocity detector permits qualitative 
assessment of valvular incompetence in the deep, communicating and 
superficial veins of the lower limb. By placing the Doppler transducer 
directly on the vein and using distal compression, physiological flow 
can be observed. During proximal compression, reflux can be heard if 
there is valvular incompetence. Occasionally a short refluxing signal 
(<1s) may be heard, which is not regarded as pathological. The 
Doppler ultrasonographic investigations for this study were performed 
using a bidirectional continuous-wave device (Vascular Doppler 
Medasonics, Mountain View, California, USA). The resulting signals 
were judged acoustically by two experienced vascular laboratory 
technicians. The patient lay supine during femoral vein and posterior 
tibial vein examination. The popliteal vein was tested with the patient 
in a prone position. The standing position was used for examination 
of the LSV at the saphenofemoral junction, for the LSV at below-knee 
level, and for the SSV. Reflux at the saphenofemoral junction was tested 
by the Valsalva manoeuvre. 


Classification 


The results of clinical investigation were combined with those of 
ultrasonography to reach a final classification of the limbs for 
comparison with the photoplethysmographic classification. Limbs were 
classified as normal, as having isolated valvular incompetence of the 
LSV, or as having a complex pattern of incompetence (valvular 
incompetence of the SSV, perforating veins, deep veins or combinations 
of the three). 


Statistical analysis 

The mean values for the three measures of refilling time were compared 
by Student’s t test; agreement between clinical—ultrasonographic and 
photoplethysmographic classification was expressed as a kappa (x) 
valuet™!8, This measurement of agreement has values in the range 


0-1 (0 meaning no agreement at all and 1 complete agreement). A 
clinically relevant test should have x > 0-6. 


Results 


Table 1 compares clinical—ultrasonographic and photoplethys- 
mographic classification. The total number of non-interpretable 
photoplethysmographic tests was 118 (22:1 per cent of the 
total). The final classification divided them into 53 with no 
venous valvular incompetence, 54 with isolated LSV valvular 
incompetence and 11 with complex valvular incompetence. The 
non-interpretable photoplethysmographic tests were equally 
distributed over the three classifications. The agreement 
between clinical—ultrasonographic and photoplethysmographic 
classification was very poor. Excluding the non-interpretable 
photoplethysmographic results, the x value (as a measure of 
agreement) was 0-30. Including the non-interpretable results, 
the x value was 0:21. Table 2 gives the various measures of 
refilling time for limbs with and without venous valvular 
incompetence and for those of healthy controls. For controls 
the mean of two measurements was taken. The mean refilling 


Table 2 Mean(s.d.) values for parameters of venous refilling in limbs 
with and without venous valoular incompetence and normal controls 





Venous half- 





Venous 
refilling time refilling time Calculated venous 
(s) (s) refilling time (s) 
Incompetence 22(13) 17(13) 31(20) 
No incompetence 17(1i1) li(i1) 25(21) 
Controls 31(21) 





Second measurement of RT (s) 





0 20 40 60 80 


First measurement of RT {s} 


Figure 2 Comparison between two measurements of refilling time (RT) 
in healthy control limbs. Measurements shown in the shaded area were 
not interpretable 


Table 1 Comparison between clinical—ultrasonographic and photoplethysmographic classification 








Photoplethysmographic classification ` 








Clinical—ultrasonographic LSV 

classification Normal incompetence Complex _ Non-interpretable Total 
Normal 118 22 39 53 232 
LSV incompetence 57 52 38 54 201 
Complex 20 14 55 11 100 
Total 195 88 132 118 j 533* 


LSV incompetence, isolated long saphenous vein valvular incompetence; complex, valvular incompetence of short saphenous vein, perforating veins, 
deep veins or combinations of the three. * Technical problems occurred in testing three of the 536 limbs 
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time, half-refilling time and calculated refilling time for the legs 
with and without any form of venous valvular incompetence 
was significantly different (P <0-001), but the standard 
deviation was so large that this difference has no clinical 
relevance for the individual patient. The number of 
non-interpretable photoplethysmographic curves was high: 95 
for refilling time, 269 for half-refilling time and 124 for 
calculated refilling time. 

Figure 2 shows the correlation between the first and second 
measurements in healthy controls. In controls the mean(s.d.) 
refilling time was 29(19)s for the first measurement and 
34(23)s for the second. The numbers of non-interpretable 
measurements in the controls were five and two respectively. 


Discussion 

The introduction of photoplethysmography by Barnes in 1973 
and the observations by Abramowitz et al. in which the 
technique provided information comparable to that obtained 
by venous pressure studies in deep venous insufficiency’ greatly 
encouraged the use of this method. Although first described in 
the diagnosis of the postphlebitic syndrome, there was later 
growing interest in its application for the detection of superficial 
venous valvular incompetence***’, The technique provided 
the clinician with a simple non-invasive method of studying 
venous haemodynamics and of documenting the effect of 
therapy. Invasive pressure measurements have been replaced 
by non-invasive methods such as photoplethysmography over 
the past 10 years. Attempts to duplicate the favourable initial 
results proved disappointing: in healthy limbs, refilling times 
were found within the abnormal range, and minor exercise and 
clinical conditions associated with reactive hyperaemia resulted 
in shortening of the refilling- time below the criterion for 
normality. Measurements such as the half and calculated 
venous refilling times were introduced to make photoplethys- 
mography more accurate. Their reliability varies according to 
different authors':3+6®, Many explanations have been given 
for the variety of photoplethysmographic results. The technique 
picks up a strong skin reflection that disturbs the recordings 
substantially'®!*, All photoplethysmography devices are 
sensitive to the illumination of the surroundings; a lighted lamp 
within 1 m from the transducer can give a change in signal of 
a magnitude similar to that of the signal itself*. The pressure 
with which the transducer is fixed to the skin is important, 
because different pressures give substantially different record- 
ings!*. Furthermore, photoplethysmographic recordings are 
dependent on skin? and room!! temperature, skin pigmentation 
and haematocrit*-!11-21, Although the precise location of the 
sensor was not found to be critical, placement directly over the 
saphenous vein or a varix should be avoided®. Recently 
published work suggests that photoplethysmographic refilling 
times reflect regional haemodynamics rather than overall 
venous haemodynamics in the limb??. 

Review of the original articles reporting favourable results 
with the technique reveals that these were obtained by repeated 
studies on the same limb. Divergent values were thus readily 
identified and, by excluding them from the calculation or by 
averaging the refilling times for a given limb and thereby 
diminishing the effect of a single divergent value, favourable 
results were obtained. The number of repeated measurements 
varied from three to five. In the present study, comparing 
photoplethysmography with clinical investigation combined 
with Doppler ultrasonography gave disappointing results. The 
refilling time was found to have a poor correlation with clinical 
investigation and ultrasonography. The number of non- 
interpretable photoplethysmographic recordings was found to 
be unacceptably high. Non-interpretable photoplethysmo- 
graphic recordings had an equal distribution over the subgroups 
of venous valvular incompetence and do not in themselves have 
diagnostic meaning. Other approaches, such as the half and 
calculated venous refilling times, gave no better discrimination 
and led to an even higher proportion of non-interpretable 
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recordings. In conclusion, the present study suggests that 
photoplethysmography is not the non-invasive method of 
choice in the routine evaluation of superficial venous valvular 
incompetence. 
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Cardiac risk and peripheral 
vascular surgery: new approach 
based ona multifactorial risk index 


An inexpensive approach to stratification of patients admitted for 
arterial surgery into groups of high and low cardiac risk has been 
prospectively evaluated in 235 consecutive patients. The Goldman and 
Detsky indices, assessed by a nurse the day before surgery, both 
identified patient groups with increased risk of lethal or potentially lethal 
(myocardial infarction, pulmonary oedema) cardiac events within 30 
days after peripheral vascular surgery. The Goldman index was the 
more sensitive predictor of cardiac death (overall frequency 3-1 per cent) 
while the Detsky index was superior for prediction of non-lethal cardiac 
events (overall frequency 5-9 per cent). The simplest and yet most 
effective stratification into high and low cardiac risk was achieved using 
a Detsky score of 10 as the cut-off. It is concluded that multifactorial 
risk index-based preoperative screening can identify low-risk patients 
(Detsky score <10), who may be accepted for vascular surgery (aortic 


Dr L. Jivegard 


Patients undergoing peripheral arterial procedures are known 
to be at increased risk, compared with general surgical patients, 
because of generalized atherosclerotic involvement predisposing 
to a high incidence of cardiac complications in the perioperative 
period'?. Preoperative identification of high-risk patients is 
important both for a proper assessment of the risk—benefit ratio 


for surgery and to allow more intense perioperative manage- ` 


ment of those at high risk to reduce complication rates*~>. Cost 
containment should benefit from preoperative identification of 
low-risk patients using simple, inexpensive and yet effective 
techniques; the resources needed for more complicated and 
expensive tests of cardiac function could then be reserved for 
a smaller group of patients at greater risk. 

The multifactorial indices of .cardiac risk in non-cardiac 
surgery introduced by Goldman et al.®7 and modified by 
Detsky and colleagues*® have been shown to allow 
stratification of patients into several different risk categories. 
However, the multifactorial risk assessment in these studies has 
been carried out by general physicians, cardiologists and/or 
anaesthetists and is consequently associated with significant 
cost. Since relatively simple and straightforward clinical data 
are mainly evaluated, it may be argued that such screening by 
a highly specialized doctor is unnecessary. This prospective 
study was therefore carried out to test the hypothesis that 
preoperative assessment by a nurse, using the Goldman®’ and 
Detsky®? multifactorial cardiac risk indices, is effective for 
primary stratification of patients into groups at low and high 
cardiac risk. All patients studied were considered suitable 
candidates for arterial surgery by a senior vascular surgeon. 


Patients and methods 


Patients 


Patients were seen first by one of three senior vascular surgeons at the 
outpatient clinic. Non-operative treatment was chosen when the 
risk—benefit ratio for surgery was considered unacceptable. All other 
patients were admitted for arterial surgery, in some cases following 
consultation with a cardiologist or general physician, and were included 
in the study. During a 27-month period, 235 patients of mean(s.d.) 
age 70(11) years undergoing 256 arterial surgical procedures were 
included. The 235 were consecutive except that no patients were 
included when the nurse was not on duty (approximately 9 weeks each 
year). A total of 218 patients underwent one vascular procedure and 
17 more than one. One of two senior vascular surgeons performed 
85 per cent of procedures. All patients gave informed consent. 


aneurysm surgery excluded) without additional cardiac testing. 


Emergency cases (surgery performed within 24h after emergency 
admission) with acute lower-limb ischaemia who were operated on 
during office hours were included whenever possible, i.e. when the nurse 
had the opportunity to assess the patient before emergency operation. 
Baseline clinical characteristics and operative risk factors are shown in 
Table 1. 


Surgery 

The operations performed are shown in Table 2. Endarterectomy and 
patch angioplasty were used for stenosis of vascular graft anastomoses 
or of the deep femoral artery. Expanded polytetrafluoroethylene 
(PTFE) prostheses were used for extra-anatomic bypass and woven 
Dacron (Du Pont, Wilmington, Delaware, USA) grafts were employed 
for aortic surgery. Fogarty catheter thromboembolectomy for arterial 
thromboembolism was performed semielectively, whenever possible. 
The indications for elective operation on patients with lower-limb 
ischaemia were critical ischaemia in 85 per cent and incapacitating 
intermittent claudication in 15 per cent. Femorodista] arterial bypass 
was performed using the saphenous vein in situ as an arterial conduit, 
except for bypass to the popliteal artery above the knee (PTFE). 
The mean(s.d.) preoperative ankle arterial systolic pressure in 
patients undergoing elective operation for lower-limb ischaemia was 
37(28) mmHg. 


Anaesthesia and postoperative management. Patients undergoing 
femorofemoral bypass or surgery below the inguinal ligament were 
operated on under continuous epidural or spinal anaesthesia; 
axillofemoral, aortic and carotid procedures were performed under 
general anaesthesia. Thromboembolectomy was carried out under 
spinal, epidural or local anaesthesia. Preoperative evaluation not 


Table 1 Patient details 


No. of patients 
(n = 235) 





Sex ratio (M:F) 149:86 (63-4-36°6) 


Previous or current smokers 181 (77-0) 

Complicating conditions 
Diabetes 46 (19-6) 
Arterial hypertension 107 (45-5) 
Chronic renal failure 12 (5-1) 
Severe bronchopulmonary disease 29 (12:3) 
Previous myocardial infarction 98 (41:7) 
Previous stroke 40 (17-0) 


Values in parentheses are percentages 
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pertaining to the study protocol was performed according to standard 
clinical routines: chest radiography, electrocardiogram (ECG), baseline 
laboratory tests and evaluation by the anaesthetist. A general physician 
or cardiologist was consulted before operation whenever this was 
considered necessary by the vascular surgeon or anaesthetist. 

During operation and for the first 12-24 h after surgery, ECG and 
oxygen saturation (pulse oximetry) were continuously monitored. 
Patients who underwent aortic surgery were usually ventilated 
artificially during the first 12-24h after operation. Heparin (5000 
units twice daily subcutaneously) was used for prophylaxis of 
thromboembolism. 


Table 2 Operations performed and frequency of potentially lethal 
complication and cardiac death 


Potentially 
lethal cardiac Cardiac Total 





Procedure No. complication* death (%}t 

Endarterectomy or 28 (10-9) 3 i 14 
patch angioplasty 

Thromboembolectomy 25 (98) 1 4 20 

Femoropopliteal 35 (137) 1 0 3 
bypass 

Femorocrural or 22 (86) 3 1 18 
pedal bypass 

Aortoiliac or aorto- 18(70) 1 0 6 
femoral bypass 

Aneurysm resection 11(43) 1 0 9 
below inguinal 
ligament 

Exploration (bypass 13(51}) 1 2 23 
not possible) 

Extra-anatomic bypass 29 (11:3) 1 0 3 

Abdominal aortic 29 (11:3) 2 0 7 
aneurysm repair 

Carotid endarterectomy 40 (15-6) 1 0 2 

Other arterial surgery 6(23) 0 0 0 

Total 256-(100) 


Values in parentheses are percentages. *Acute myocardial infarction, 
pulmonary oedema or life-threatening arrhythmia; {potentially lethal 
cardiac complication or cardiac death 


Cardiac risk: L. Jivegard et al. 


Study protocol 


Preoperative assessment, All patients were interviewed and examined 
by the same registered nurse throughout the study on the day of 
admission, for practical reasons. The nurse had had 15 years of 
experience as a nurse anaesthetist and before the start of the study 
underwent 1 week of training in evaluation of the risk factors included 
in the Goldman and Detsky cardiac risk indices (Table 3). Recording 
of angina pectoris according to the Canadian Cardiovascular Society?®, 
previous myocardial infarction or pulmonary oedema was based on 
the interview and previous medical records, whereas rhythm 
disturbances on admission were identified on the preoperative ECG 
which, routinely, was analysed by a cardiologist. A physical 
examination‘of the heart was made by the nurse. In the case of a cardiac 
murmur not described in previous medical records a cardiologist was 
consulted. Poor general medical condition was recorded mainly 
according to the criteria described by Goldman et al.*7, but often using 
oxygen saturation measured by a pulse oximeter rather than blood gas 
analyses of partial pressures of oxygen and carbon dioxide. The data 
collected by the nurse were unavailable to the physicians involved in 
the treatment of the patient. 


Assessment of postoperative cardiac events. The day before surgery, 
serum aspartate aminotransferase and creatine phosphokinase (CPK) 
levels were determined. ECGs were taken on the first, second and 
seventh days after operation and enzymes were routinely analysed on 
days 1 and 2. When myocardial infarction was suspected, blood samples 
were repeated; creatinine phosphokinase isoenzymes (CPK-MB) were 
analysed whenever CPK levels were increased. A cardiologist was 
consulted when there was a clinical suspicion of an intraoperative or 
postoperative cardiac event. Potentially lethal cardiac complications 
in the interval between discharge from hospital up to day 30 after 
operation were registered at the follow-up check that occurred between 
30 and 60 days after surgery. At the end of the study the medical records 
ofall patients in whom an intraoperative or postoperative cardiac event 
could not be excluded were reviewed for classification by an 
independent cardiologist who was unaware of the data collected by the 
nurse. All deaths within 6 months of surgery were recorded. 


Definition of endpoints. An acute myocardial infarction, which was 
one of the primary endpoints, was considered diagnosed when at least 
two of the following three criteria were met: (1) an episode of chest 
pain, discomfort, substernal pressure or heaviness lasting >30 min; 
(2) a transient peak in total CPK concentration reaching at least twice 
the normal level and with a CPK-MB subfraction > 5 per cent of total 


Table 3 Goldman and Detsky cardiac risk indices and the frequency of risk factors for 256 arterial procedures 














No. of Potentially lethal 
i cases cardiac complication 
Risk factor Goldman Detsky (n = 256) or cardiac death (%) 
Myocardial infarction - 
Within 6 months 10 10 11 (4:3) 36* 
>6 months ago — 5 87 (34-0) 12 
Canadian Cardiovascular Society angina score 
Class II — 10 27 (10-5) 19 
Class IV = 20 6 (2:3) 33t 
Unstable angina within <3 months — 10 8 (3-1) 13 
Preoperative electrocardiogram rhythm other 7 5 37 (14-5) 16 
than sinus 
>5 premature ventricular contractions per min 7 5 _ 22 (86) 14 
ever documented 
Suspected severe aortic valvular disease 3 20 3 (1:2) 0 
S3 gallop or jugular vein distension 11 — 35 (13-7) 17 
` Age >70 years 5 5 142 (55-5) il 
Emergency operation 4 10 17 (66) 29* 
Intraperitoneal, intrathoracic or aortic operation 3 — 48 (18-8) 6 
` Poor general medical statust 3 5 * 49 (19-1) 22* 
Pulmonary oedema 
Within 1 week — 10 8 (3-1) 63* 
Ever — 5 41 (16-0) 17ł 
Maximal score possible 53 100 


Values in parentheses are percentages. *P < 001; tP < 0-05 (versus patients without risk factor, Fisher’s exact test); faccording to criteria of 


Goldman et al.®7 
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CPK; and (3) Minnesota code criteria for definite or probable 
myocardial infarction accompanied by evolving ST and T wave 
changes*!. Since the first criterion cannot be met during general 
anaesthesia, a new Q wave observed in a postoperative ECG was also 
taken as evidence of acute infarction, even when the enzyme criterion 
was not met (for instance, CPK. and CPK-MB levels increased but 
CPK-MB remaining <5 per cent of total CPK). When there was an 
inconclusive rise in enzyme level and no new Q wave (i.e. a transmural 
myocardial infarction was ruled out, but a subendocardial infarction 
was not) a diagnosis of possible subendocardial infarction was made. 
Severe congestive heart failure was diagnosed if the patient had typical 
clinical and chest radiographic findings. Lethal and potentially lethal 
cardiac complications were recorded separately. A cardiac death was 
diagnosed if a patient died from either arrhythmia or progessive low 
cardiac output not explained by a non-cardiac disease. Potentially 
lethal cardiac complications were defined as non-lethal definite acute 
infarction (possible subendocardial infarction excluded), pulmonary 
oedema or life-threatening arrhythmia (ventricular tachycardia lasting 
>1 min or haemodynamically compromising the patient, ventricular 
fibrillation, or complete atrioventricular block) during the first month 
after operation. Other cardiac events in the postoperative period were 
not considered potentially lethal and were disregarded in the analysis. 
Autopsy was performed in fatal cases. 


Data analysis 

The relationship between cardiac risk indices and cardiac events was 
analysed by logistic regression. The Goldman and Detsky index scores 
were used as independent variables and cardiac death, potentially lethal 
cardiac complications, possible subendocardial infarction and all deaths 
within 6 months of surgery as dependent variables. Using x? analysis, 
risk classes, consisting of ranges of Goldman and Detsky index scores 
giving a maximal F ratio (i. optimal risk stratification), were 
identified. The differences in risk between these classes were analysed 
using Fisher’s exact test. 


Results 


The overall cardiac complication rates according to the different 
definitions are shown in Table 4. Ten patients (3-9 per cent) 
died within 30 days. There were two non-cardiac deaths (one 
from malignant disease, one from cerebral infarction ) and eight 
cardiac deaths, giving an overall cardiac mortality rate of 
3-1 per cent (1-3 per cent for elective surgery ). Potentially lethal 
cardiac complications were non-lethal acute infarction (13 
cases) and postoperative pulmonary oedema without verified 
acute myocardial infarction (two). A total of 15 potentially 
lethal cardiac complications were thus observed, representing 
5-9 per cent of procedures (Table 4). The overall rate of cardiac 
death and potentially lethal complications was 9-0 per cent. 
Possible subendocardial infarction was diagnosed in another 


Table 4 Cardiac complication rates 





23 patients (9-0 per cent). The overall survival rate at 6 months 
was 87-6 per cent. 

Early follow-up was complete in all cases and follow-up of 
deaths within 6 months complete in all but nine. Data on two 
cardiac risk variables were missing and the Goldman and 
Detsky index scores were therefore not calculated for two 
patients. There were no cardiac complications in these two 
cases. Two patients did not appear at the 30-day follow-up; 
neither of these was readmitted or died within 30 days after 
surgery, but the possibility of a potentially lethal cardiac 
complication cannot be completely ruled out. 

Approximately 60 per cent of all patients undergoing 
emergency surgery for acute lower-limb ischaemia during the 
study period were included. No patient considered operable by 
a senior vascular surgeon, and thus included in the study and 
evaluated by the nurse, was cancelled from surgery. Most 
patients had Goldman and Detsky index scores <10; 
mean(s.d.) scores were 8(8) and 11(11) respectively. Regarding 
different indications for surgery, patients with acute limb 
ischaemia had the highest mean(s.d.} score: Goldman index 
15(11) and Detsky 21(14). The risk indices were significantly 
related (P <0-001 for both scores) to the incidence of 
postoperative cardiac complications. The Detsky score was 
more closely related to non-lethal acute myocardial infarction 
whereas the Goldman score was a better predictor of cardiac 
death (Table 4). The risk of potentially lethal cardiac 
complication and cardiac death increased with increasing 
Detsky index score for all types of vascular surgery other than 
abdominal aortic aneurysm (AAA) repair. For aneurysm repair 
there were two non-lethal acute infarctions, both of which were 
observed in patients with Detsky index scores <5. 

The original Goldman index classes’ did not discriminate 
optimally when applied to the present series. The ranges of 
scores that most significantly discriminated cardiac risk in y? 
analysis, for the Goldman as well as Detsky index versus the 
primary endpoints, were identified (Table 4). For both indices, 
maximum discrimination was achieved using three risk classes. 
With the Detsky index, a low-risk group of 128 cases 
(50-0 per cent) without cardiac deaths and with a 2:3 per cent 
incidence of potentially lethal complications was identified. For 
cardiac death, the Goldman index identified a low-risk class of 
197 cases (77-0 per cent) with a cardiac death rate of 1-0 per cent. 
The proportion of lethal cardiac events in the combined total 
of potentially lethal complication and cardiac deaths increased 
with increasing risk scores. Death within 6 months of surgery 
was significantly more common in patients with a perioperative 
potentially lethal complication than in those without (31 versus 








Potentially 
Possible lethal cardiac 
Potentially subendocardial complication Death within 
lethal cardiac myocardial or cardiac Cardiac death 6 months 
complication* _infarctiont Cardiac death death (%)t of follow-up 
Overall (%) 59 (n = 15) 9-0 (n = 23) 3-1 (n= 8) 9-0 (n = 23) 35 12-4 (28 of 226)** 
Goldman cardiac risk index score 
&12 (n = 197) 5-6(1-7) 8:2(2-0) 1-0(0-7) 6°6(1°8) 18 7-1(2:0) 
13-26 (n = 50) 8(4-1) 14(5:3) 6(3-4) 14(5-0) 43 23(6-1) 
> 26 (n=7) 0 50(29) 43(20-2) 43(20:2) 100 57(20-2) 
P§ ns. 0-013 0-0001t 0-002 — 000011 
Detsky cardiac risk index score 
<5 (n = 128) 2:3(1:3) 8-0(2-4) 2:3(1:3) 0 4-8(2-1) 
6-20 (n = 92) 8(2-9) ~10(3-3) 3(1-9) 11(3-3) 30 17(4-1) 
>20 (n = 34) 18(7-1) 21(8-5) 15(6-2) 29(7-9) 50 21(7-2) 
P$ 0-007 ns. 0-0001 0-00014 — 0-006 


Values in risk index score classes are mean(s.d.) percentages. * Excluding cardiac death; texcluding potentially lethal cardiac complications and 
cardiac death; { proportion of potentially lethal cardiac complications plus cardiac death; §overall P for x? analysis (i.e. P for overall discrimination 
by the ranges of risk scores indicated ); {complication rates in all three risk classes in the 2 analysis are é significantly different (P < 0-05) by Fisher’s 
exact test; **nine of the 235 patients were not followed up for 6 months; n.s., not significant 
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Table 5 Optimal stratification of patients undergoing peripheral vascular surgery into high and low cardiac risk groups 


Detsky score <10* 


Detsky score > 10f 











Potentially lethal Potentially lethal 
cardiac ; Death within cardiac Death within 
complication or Cardiac 6 months complication or Cardiac 6 months 
No. cardiac death death of follow-up No. cardiac death death of follow-up 
All cases (excluding abdominal 151 20(1-1) 0 4-0(1:8) 74 2450) 11(36)  28(5-4) 
aortic aneurysm ) 
Cases of abdominal aortic aneurysm 22 9(6-3) 0 9(6:3) “7 0 0 0 


Values are mean(s.d.) percentages. *Low cardiac risk; thigh cardiac risk 


8-8 per cent, P<0-01). No such difference was observed 
between patients with and without a possible subendocardial 
infarction. 

The final stratification into one low- and one high-risk group 
of peripheral vascular surgical patients was then made 
(Table 5). Optimal stratification was achieved using Detsky 
index scores of <10 and >10: survival at 6 months was 
significantly different in these two groups. Since the Detsky 
index score proved to be less valid for AAA repair, patients 
with aneurysm are presented separately (Table 5). 


Discussion 

Preoperative assessment of the risk of lethal or potentially lethal 
perioperative cardiac events is important because this has 
therapeutic implications. Surgery can be postponed or cancelled 
in high-risk cases and preoperative institution of risk-reducing 
treatment may be employed. For practical reasons, the 
assessment in this study was performed the day before surgery. 
In clinical practice it may be preferable for the nurse to evaluate 
the patient in the clinic at the first visit to the surgeon. 

Many different approaches for risk assessment in patients 
undergoing vascular surgery have been suggested. These include 
risk equations based on general cardiovascular factors’, 
analyses of automated physiological profile systems'?, 
ambulatory preoperative ECG monitoring’* and other invasive 
or non-invasive measurements!*'>, The present study shows 
that preoperative calculation of the Detsky risk index®? by a 
nurse is an effective and inexpensive method for primary 
stratification of vascular surgical patients into high- and 
low-risk groups. 

The high frequency of cardiac complications in the present 
study is considered to be caused by increased perioperative 
stress in patients with severe atherosclerotic disease. Patients 
with peripheral atherosclerotic disease have a shorter life 
expectancy than the general age-matched population; in those 
with severe limb ischaemia a monthly mortality rate of 
0-8~1-2 per cent has been reported?®, 

Both the Goldman and Detsky risk indices were evaluated. 
Three classes with significantly different risks of potentially 
lethal (Detsky index) and lethal (Goldman index) cardiac 
complications were first identified. Using the Goldman index 
classes, a large low-risk group, containing 77-0 per cent of the 
patients, with a 1-month mortality rate similar to that expected 
even without an operation and with <6 per cent incidence of 
potentially lethal cardiac complications, was identified. Using 
the corresponding Detsky index classes, a low-risk group 
(50-0 per cent of patients) with no cardiac deaths and a 
2:3 per cent rate of potentially lethal cardiac complications was 
demonstrated. Extreme high-risk groups could also’ be 
identified. However, the objective of identifying one high-risk 
and one low-risk group was best accomplished using the Detsky 
index. 

The present method for risk stratification was found to be 
less useful for the 29 patients undergoing AAA repair. This 
observation is in agreement with previous reports!™!° and 
seems to be because aortic surgery, owing to its complexity, 
imposes a higher cardiac risk than predicted by criteria 
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developed from a broad base of surgical patients. For other 
types of vascular surgery, optimal stratification into low- and 
high-risk groups was obtained using a Detsky index score of 
10 as the cut-off. No patient with a Detsky index score <10 
died within 30 days and only 2-0 per cent (patients with aortic 
aneurysm excluded) suffered a potentially lethal cardiac 
complication. The sensitivity of low-risk group stratification 
was 98-0 per cent (148 of 151 cases correctly classified). 

The present study defines cardiac’ death, definite acute 
myocardial infarction, pulmonary oedema and life-threatening 
arrhythmia within 1-month of surgery as primary endpoints. 
The definition of the first endpoint leaves little room for 
discussion; that of the others, however, is less exact, and so 
lethal and potentially lethal cardiac complications have been 
presented separately. Coding of acute myocardial infarction, as 
defined in the International Classification of Diseases 
(ICD-9-CM )!%, is already a problem in the coronary care unit 
because of clinical uncertainties at admission and interpretation 
difficulties in the ECG and enzyme findings?°. The certainty of 
a perioperative acute myocardial infarction has additional 
problems; anaesthesia and sedation may mask or'alter the 
symptoms of an infarction. Furthermore, levels of several 
enzymes may increase as a result of muscle injury and/or 
ischaemia in association with arterial surgery?'. Therefore, the 
symptom criterion is often not met, whereas an inconclusive 
enzyme release is frequently observed. A significant group of 
patients in whom the diagnosis ofa minor infarction is uncertain 
seems, therefore, unavoidable in studies of perioperative cardiac 
complications. In this study 13 patents either had new Q waves 
or met at least two of the three defined infarction criteria, and 
the diagnosis of acute myocardial infarction accordingly seemed 
certain. In another 23 cases, however, a minor acute infarction 
could be neither excluded nor confirmed. The prognostic 
importance of such a possible minor infarction is limited, 
however, as the prognosis after a myocardial infarction is to a 
large extent related to the amount of myocardium lost”. In 
accordance with this, survival at 6 months in patients with and 
without a possible subendocardial infarction did not differ in 
the present series. This group has been reported separately and 
conclusions based on the observed incidence of definite lethal or 
potentially lethal cardiac complications. 

Preoperative invasive or non-invasive cardiodynamic tests 
measuring left ventricular ejection fraction and cardiac output 
in different situations may be used to predict perioperative 
cardiac complications?*~?°. Continuous ECG recordings may 
detect silent myocardial ischaemic attacks and so possibly 
identify patients at high risk?™?5. Myocardial thallium 
scintigraphy with or without stress tests may reveal poorly 
vascularized myocardium and be used for risk evaluation?®?°. 
These techniques are time consuming, expensive and may be 
associated with complications. They may, however, be 
necessary for risk screening in patients scheduled for AAA 
repair. The presently described simple and inexpensive 
technique for risk stratification proved to be highly effective 
for patients with all other types of peripheral vascular disease. 
In previous studies*-®, the preoperative evaluation was 
performed by experienced doctors. The data collected in the 
present study by the nurse were clinically useful. It is suggested 
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that patients admitted for arterial surgery (excluding AAA 
repair) are evaluated using this approach. Those at low risk 
may be accepted for surgery without further evaluation, whereas 
more extensive tests or consultations may be selectively applied 
to the smaller group at high risk, thereby reducing overall cost 
while retaining a high level of safety for the patient. 
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Immediate endothelial cell seeding of prosthetic vascular grafts 
was initially described by Herring et al.' in 1978. Although 
studies in animal models have suggested that endothelial cell 
seeding may decrease platelet deposition, decrease thrombo- 
genicity and increase patency rates?~*+ in prosthetic grafts, 
results from clinical trials have been largely disappointing*~*. 
Successful seeding of vascular prostheses in humans is 
hampered by poor initial endothelial cell harvest, low seeding 
efficiencies and poor cell retention on the luminal graft surface’. 

Endothelial cell seeding of damaged native vascular surfaces 
offers theoretical advantages over that of prosthetic materials. 
The area to be seeded will often be much smaller, reducing the 
number of endothelial cells required, and the subendothelial 
matrix exposed in damaged vessels should offer an excellent 
surface for endothelial cell attachment. Successful endothelial 
cell seeding of endarterectomy sites has previously been 
demonstrated in an animal model'®. Endothelial cell seeding 
of percutaneous transluminal angioplasty (PTA) sites is an 
attractive proposition and has been achieved with moderate 
technical success by Nabel et a/.'! during their studies of gene 
transfer using endothelial cells. The present study describes 
development of an in vitro model that has been used to study 
the effects of seeding time and density on endothelial cell 
attachment to damaged vascular surfaces. 


Materials and methods 


Development of an in vitro model of vascular damage 

Segments of previously undistended long saphenous vein, discarded 
during aortocoronary bypass grafting, were transported to the 
laboratory in chilled minimal essential medium (MEM; Flow 
Laboratories, High Wycombe, UK). The use of these was approved 
by the local ethical committee. The vein segments were immersed in 
MEM and threaded over a 5-mm balloon angioplasty catheter {Olbert 
catheter; Meadox, Dunstable, UK). The angioplasty balloon was 
inflated to 9 atm for 30 s, after which the vein was removed from the 
catheter. Vein segments were opened longitudinally, pinned on to a 
silicone gel plate and fixed under tension in 4 per cent para- 
formaldehyde—2 per cent glutaraldehyde solution. 

Segments of vein were prepared for light and scanning electron 
microscopy. Segments for light microscopy were dehydrated through 
graded alcohol, transferred to xylene for 180 min and then immobilized 
in wax over a 4-h period. Serial sections of 4-um thickness were 
subsequently stained with haematoxylin and eosin and elastic van 
Gieson stains. 

Vein segments for electron microscopy were dehydrated through 
graded ethanol followed by acetone solutions before carbon dioxide 
critical-point drying and sputter-coating with gold. Sections were 
viewed on a DS130 scanning electron microscope (International 
Scientific Instruments, Buxton, UK). 

Serial sections of dilated and non-dilated veins were independently 
reported by a pathologist (M.J.) unaware of the sample type. 


Isolation and culture of endothelial cells 


Endothelial cells were isolated from human umbilical vein by a method 
derived from Jaffe et al.'?. Umbilical veins were cannulated at either 
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damaged vascular surfaces has been developed. This may have 
applications in the study of endothelial seeding of angioplasty and 
endarterectomy sites. Using this model, the optimum endothelial seeding 
time for attachment to damaged vascular surfaces should not exceed 
30 min and, to achieve confluent cell attachment, a seeding density 
>5 x 10° cells/cm? should be used. 


end and filled with 5 ml 0-1 per cent collagenase solution (CLS L 
Worthington Biochemical, Freehold, New Jersey, USA). After 
incubation for 15 min in a 95 per cent oxygen~5 per cent carbon dioxide 
atmosphere, the vein was flushed with 20 ml MEM and the resulting 
suspension centrifuged at 300g for 7 min at 4°C. The cell pellet was 
resuspended in 5 ml complete culture medium consisting of medium 
199, 20 per cent fetal calf serum, 100 units/ml penicillin, 100 ug/ml 
streptomycin, 20 mmol/l N-2-hydroxyethylpiperazine-N’-2-ethane- 
sulphonic acid buffer, 2 mmol/l glutamine, 1 mmol/l pyruvate, 
15 ug/ml endothelial cell growth factor and 90 ug/ml heparin and 
plated on to a 25-cm? tissue culture flask. Cells were incubated at 37°C 
in a 95 per cent oxygen-5 per cent carbon dioxide atmosphere. 
Endothelial cell subculture was performed by brief trypsinization using 
0-1 per cent trypsin in ethylenediamine tetra-acetic acid, centrifugation 
and resuspension in complete medium. Cells from the second and third 
subculture were used. Endothelial cell identity was confirmed by 
appearance at phase-contrast microscopy and positive immuno- 
histochemical staining for von Willebrand factor (Dakopaits, Glostrup. 
Denmark }. 


Radiolabelling af endothelial ceils 

Human umbilical vein endothelial cells were labelled with indium-!11 
oxine by a method modified from Sharefkin et al.'*. Cells were released 
from tissue culture by trypsinization, counted in a haemocytometer 
and centrifuged at 300g for 7 min. The cell pellet was resuspended in 
0-5 ml MEM and incubated with 60 Ci indium-11! oxine (Amersham 
International, Amersham, UK )for 15 min. The cells were washed twice 
with MEM and finally resuspended in MEM with 5 per cent fetal calf 
serum at a known concentration. Labelling efficiency was determined 
at this time. 


Attachment of endothelial cells to vein surface 
The same methodology was used in experiments investigating both 
seeding time and seeding density. A 5-mm diameter punch biopsy of 
dilated saphenous vein was placed on silicone gel in a 5-mm diameter 
seeding chamber. A 100-y! aliquot of indium-11] labelled endothelial 
cell suspension, at a known concentration, was added to the seeding 
chamber so that the cells came into contact only with the luminal vein 
surface. After incubation in 95 per cent oxygen-S per cent carbon 
dioxide for the allotted time, the unattached cells were removed by 
washing the luminal vein surface three times with MEM. The vein 
segment was removed and the seeding chamber washed twice further 
with MEM. All washings were collected. The radioactivity on the vein 
surface and in the washings (which contained the unattached cells} 
was measured. The percentage cell attachment was calculated using 
the formula: 

counts on vein 
Per cent cell attachment = anna enema s= e 100 

counts on vein + counts in washings 

Vein segments were fixed under tension after cell attachment had been 
determined, and prepared for light and electron microscopy as described 
previously. 


Attachment of endothelial cells with time 

In studying endothelial cell attachment with time, a cell seeding density 
of 1 x 10° cells/cm? was used in all experiments. This was a 
subconfluent seeding density, which ensured a maximal percentage cell 
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attachment. Attachment of endothelial cells at 5, 10, 20, 30, 40 and 
60 min was studied. 


Attachment of endothelial cells with seeding density 
A seeding time of 30 min was used in all experiments. Seeding densities 
from | x 10* to | x 107 cells/cm? were studied. 


Results 

Histological examination of dilated saphenous vein segments 
Light microscopic examination of dilated saphenous vein 
segments revealed endothelial desquamation, rupture of the 
internal elastic lamina, longitudinal and circumferential tears 
in the tunica media, and stretching of the tunica media. 
Scanning electron microscopy confirmed complete endothelial 
desquamation over the dilated area with exposure of sub- 
endothelial connective tissue (Figure 1). Non-dilated vein 
segments showed patchy areas of endothelial cell loss but no 
damage to the deeper layers. 


Endothelial cell attachment with time 

The mean labelling efficiency in this set of experiments 
was 36 per cent (95 per cent confidence interval (c.i) 
31-40 per cent). The results for endothelial cell attachment 
have been expressed as percentage cell retention at given times 
(Figure 2). Cell attachment increased almost linearly with time 
up to 30 min, after which no further significant increase in cel] 
retention occurred. The difference between mean cell 
attachment at 30 and 60 min was 2 per cent (99 per cent c.i. 
—14 to 10 per cent). Endothelial cell seeding was confirmed 
by both light and electron microscopy (Figure 3). 





Figure 1 Scanning electron micrograph of the luminal surface of a 
dilated saphenous vein segment. (Original magnification x 209) 
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Figure 2 Mean percentage cell retention at different seeding times. 
Bars are 95 per cent confidence intervals; values in parentheses are 
numbers of experiments 
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Figure 3 Scanning electron micrograph showing endothelial cells 
attached to the luminal surface of a dilated seeded saphenous vein segment. 
(Original magnification x 249) 


j 








Cell attachment (logy 9 cells/cm 


2 L ite 4 





3 4 5 6 7 


Seeding density (log, 4 cells/cm?) 


Figure 4 Mean cell attachment at different seeding densities, Bars are 
95 per cent confidence intervals; values in parentheses are numbers of 
experiments 


Endothelial cell attachment with seeding density 

The mean labelling efficiency was 28 per cent (95 per cent ci. 
20-37 per cent). Results have been expressed as the number 
of cells attaching per square centimetre of dilated vein 
(Figure 4). An almost linear increase in cell attachment 
occurred up to a seeding density of 2 x 10° cells/cm?, after 
which little further useful increase in cell attachment occurred. 
The difference between mean cell attachment at 2 x 10° and 
1 x 107 cells/cm? was 6:9 x 10° (99 per cent c.i. ~2-1 x 105 
to 2:2 x 10°) cells/em?. 


Discussion 


PTA is widely used for both peripheral and coronary arterial 
occlusive disease. Morphological changes occurring in the 
arterial wall following PTA were initially described in animal 
modeis!*~!” and have since been confirmed in human autopsy 
studies'®, Endothelial desquamation occurs over the area of 
the angioplasty, resulting in exposure of subendothelial 
connective tissue on the luminal surface. An increase in arterial 
diameter is brought about by a combination of splitting of the 
intimal atherosclerotic plaque, splitting and stretching of the 
tunica media, and stretching of the adventitial connective tissue. 

Morphological changes in dilated saphenous vein segments 
of endothelial desquamation and exposure of the subendothelial 
connective tissue have been described. Changes also occurred 
in the deeper layers of the vessel wall, with splitting and 
stretching of the tunica media. It is suggested that the 
histological changes produced following forcible balloon 
dilatation of long saphenous vein segments justify the use of 
this model to study the attachment of endothelial cells to 
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damaged vascular surfaces in vitro, although the model is 
limited as it has no atheromatous plaque, which might alter 
the surface characteristics after vascular damage. 

Endothelial cells possess antithrombotic functions!?~?', 
which have been postulated to improve patency rates in seeded 
prosthetic vascular grafts. The endothelial cell monolayer 
produces fibrinolytic agents such as tissue plasminogen 
activator’? and antiplatelet agents such as prostacyclin and 
endothelium-derived relaxing factor, which also have potent 
vasodilatory actions?*-?*. Endothelial cells are capable of 
synthesizing heparin proteoglycans, which may inhibit the 
smooth muscle proliferation and migration seen in myointimal 
hyperplasia’. 

Endothelial cell seeding of angioplasty sites may improve 
patency rates after PTA. Increased production of local anti- 
thrombotic agents may reduce the local rethrombosis rate, 
which has been reported to be as high as 40 per cent following 
PTA of some femoropopliteal lesions*®. Late restenosis after 
PTA of the femoral artery may occur in up to 50 per cent of 
cases at 5-year follow-up*™?8. Restenosis occurs because of a 
mixture of myointimal hyperplasia and atherosclerotic 
progression’®~3*_ Experimental evidence suggests that, in an 
animal model, the degree of myointimal hyperplasia following 
arterial injury is reduced in areas covered by regenerating 
endothelium****. Thus, re-endothelialization of PTA sites by 
autologous endothelial seeding seems theoretically advant- 
ageous because of the possible reduction of myointimal 
hyperplasia. 

Endothelial cell seeding of prosthetic vascular grafts is 
hampered by poor cell attachment to the graft surface; this has 
been partially overcome by the use of surface coatings such as 
fibronectin or collagen, which improve cell attachment?5~3’. 
There should be no such problem with endothelial cell seeding 
of damaged vascular surfaces, as the subendothelial tissue 
matrix provides an ideal surface for endothelial cell 
attachment?*->9. 

In this study, cell attachment occurred rapidly and was 
virtually complete by 30 min. At a seeding density of 1 x 10° 
cells/cm? maximal cell attachment was <30 per cent: this 
contrasts with other studies?>*°, which have shown that cell 
attachment to fibronectin-coated grafts may reach 50 per cent 
at 30 min. The differences in these findings may be explained 
by the use of second or third passage cells in the present 
experiments, whereas primary cell cultures were used in the 
studies of endothelial cell attachment to graft surfaces. Cells 
maintained in tissue culture have been shown to exhibit 
decreased attachment properties*®. 

The effect of seeding density on cell attachment was studied 
at 30 min, a time that gave near-maximal cell attachment. To 
achieve confluent endothelial cell coverage of the vein surface 
(2 x 10° cells/cm), a seeding density >5 x 105 cells/cm? was 
required. This finding is similar to results obtained for 
endothelial cell seeding of collagen-coated prosthetic grafts*®. 
To achieve such a high seeding density in vivo, it will be 
necessary to amplify harvested endothelial cells in tissue culture 
before seeding. This implies the use of cells from a second or 
third passage, as in the present study. 

In conclusion, endothelial cell seeding of damaged vascular 
surfaces may represent a practical clinical application of cell 
seeding. Seeding time does not need to exceed 30 min but, to 
obtain confluent endothelial cell coverage, a high seeding 
density is required. 
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The Angelchik antireflux prosthesis was introduced in 1973 for 
surgical correction of gastro-oesophageal reflux complicating 
hiatus hernia!. Insertion is technically easier than fundopli- 
cation and takes about half as long’. Four prospective 
randomized trials that compared Angelchik prosthesis insertion 
with Nissen fundoplication detected no significant difference in 
symptomatic or objective control of reflux or in the operative 
complication rate between the two procedures*™*. Nor did a 
careful sequential trial°, which emphasized that the two 
operations were associated with different complications and 
that late failure may be less common with the Angelchik device. 

Anecdotal evidence from small numbers of patients reveals 
little about the use of the Angelchik prosthesis when peptic 
stricture complicates gastro-oesophageal reflux. Collective 
papers’~'* give the impression that the device was helpful in 
77 of 96 patients. Some authors were enthusiastic?"’, but others 
discouraged its use in patients with preoperative dysphagia‘ ?-'*. 
Previous work by the present group!* has been extended to 
address this point. 


Patients and methods 


Between July 1981 and April 1990 one surgeon implanted Angelchik 
antireflux prostheses into 43 patients (19 men, 24 women) with peptic 
stricture of the oesophagus. Clinical and radiological assessment was 
made before operation (43 patients ), about 3 months after surgery (43) 
and at variable intervals thereafter (35). Thirty-five patients had a 
recent review; five died before this review from unconnected causes 
(and > 30 days after surgery) and three others were not traced. 


Clinical assessment 

Patients described symptoms of reflux, dysphagia and drug use 
according to a Visick-type grading. For reflux: | means no symptoms, 
2, mild symptoms (no treatment); 3, symptoms controlled by 
medication; and 4, symptoms not controlled. For dysphagia: 1 means 
no symptoms; 2, solid food sticks less than once weekly; 3, solid food 
sticks more often than once weekly; and 4, soft food diet required. For 
drugs used: 1 means none; 2, antacids; 3, intermittent H,-receptor 
antagonists; and 4, continuous H,-receptor antagonists. 

Nearly all patients received prolonged treatment with H,-receptor 
antagonists before being considered for surgery. Medications were given 
in dispersed form to avoid impaction on, and irritation of, the stricture. 
Any dose of non-steroidal anti-inflammatory drug was reduced to as 
low a level as the patient would tolerate. 


Endoscopic assessment 
At endoscopy the squamocolumnar junction was identified and 
oesophagitis graded: 0, normal; 1, erythema; 2, erythema, friability 
and exudate; 3, erythema, friability and linear erosions; and 4, 
erythema, friability, exudate, linear erosions and ulceration. 

Before insertion of the prosthesis, 14 patients had undergone 
dilatation of the stricture at least once (over 40 times each in two 
patients), but the stricture persisted in all cases. Endoscopy was 





with the Angelchik prosthesis 


An Angelchik prosthesis was inserted in 43 patients with a peptic 
stricture above a hiatus hernia; 16 showed columnar lining of the 
oesophagus below the stricture. The mean preoperative bore of strictures 
was 8&7 mm. Within months, and without dilatation, 33 strictures 
shortened, 35 widened and of these 13 disappeared with a mean bore 
of 11-7 mm. In the long term, three more strictures resolved but three 
recurred. Final measurements gave a mean bore of 122 mm. The mean 
follow-up was 3-5 years. Symptomatic and radiological assessments 
suggested that the prosthesis was less effective when sited in the chest. 


performed after operation only in symptomatic patients for assessment 
of oesophagitis or for dilatation. Barrett's oesophagus was considered 
to be present when endoscopy revealed tubular oesophagus below the 
stricture and biopsy showed that the mucosa was squamous above and 
columnar below the stricture (11 patients) or when radiology showed 
the stricture to be = 2. cm above the upper limit of the sphincter segment 
of the lower oesophagus (five patients }. 


Radiological assessment 

Stricture length and bore. A peptic stricture at the squamocolumnar 
junction results in a zone of increased resistance to distension, the 
diameter and length of which can be measured radiologically'®. The 
length of the stricture was determined by reference to the known 
diameter of a swallowed tablet. When the stiffened zone was asymmetric 
in length, the longest measurement was recorded. The bore of the 
stricture was assessed using barium sulphate tablets (University College 
Hospital pharmacy ) of increasing size, and taken to be the diameter 
of the tablet that just passed. Tablets ranged in size from 3-2 to 143 mm 
in diameter in 0-8-mm increments. This technique gave a reproducible 
estimate of the bore of an oesophageal stricture’ z, 


Hiatal flow and reflux. Hiatal fow of barium ( from the abdomen 
to the thorax) depends on incompetence of the hiatus. Reflux flow of 
barium (from the stomach to the oesophagus ) indicates breach of the 
lower oesophageal sphincter’*. If no reflux was elicited, the patient 
was examined while toe-touching'®!®, Hiatal flow and/or reflux was 
graded: 0 means none; |, occasional leak just visible in one position; 
2. hiatal flow or mild reflux in more than one position; 3, hiatal flow 
and reflux with flooding of the gullet in one position only; and 4, free 
hiatal flow with flooding of the gullet in more than one position. 


Operative technique 

Initially, the technique recommended by Angelchik and Cohen?” was 
used. After 1985, crural repair was performed when necessary to reduce 
the diameter of the hiatus to two fingers’ breadth, with the intention 
of retaining the prosthesis in the abdomen. Dilatation of strictures was 
omitted at the time of insertion of the Angelchik prosthesis. If indicated, 
it was deferred until after postoperative radiography. 


Ethics 

The use of barium sulphate tablets to measure the bore of strictures 
and the implantation of Angelchik prostheses were originally the 
subjects of trials approved by the ethical committees of University 
College and Islington District Hospitals. 


Results 

The mean(s.d.) age of the patients was 61-1( 14-8) (range 28-86) 
years. The prosthesis remained in the abdomen in the three 
patients who underwent crural repair. The device did not 
migrate from abdomen to chest or vice versa between the first 
and subsequent examinations. In 13 patients the prosthesis was 
placed above the diaphragm. The mean follow-up was 3:5 years: 
eight patients were followed for < | year and five for >7 years. 
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Stricture bore and length 

Early results. Figure la shows changes im stricture bore 
between the preoperative and first postoperative examination 
3 months later. In 13 patients the stricture had disappeared 
and the largest tablet passed without hindrance. These patients 
had a mean(s.d.) preoperative bore of 10:7(1:9)mm. In 22 
patients the stricture improved but did not disappear; 
mean(s.d.) stricture bores were 7-8(2:3) mm before operation 
and 10-8(2:1)mm after. In three patients stricture bore was 
unchanged and in five became narrower. 
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Figure 1 Change in a bore and b length of peptic stricture. improvement 
is shown by dots above the diagonal in a and below it in b. o, Patients 
with prosthesis in the chest; @, patients with prosthesis in the abdomen. 
See Table | 


Table 1 Statistical analysis of data in Figure 1 





Bore (mm) 
n Chest n 
Mean preoperative 12 8-85 (7-37-1032) 31 
Mean postoperative 12 11-82 (938-1425) 31 
Difference 
Preoperative versus 12 —2-97t 31 
postoperative 


Chest versus abdomen 0-06 (~ 1-90 to 1-78} 


Abdomen n Chest n 
8-69 (7:72-9:66) 
11-60{1021-12-98) lI 


—291* 


Changes in length of stricture are shown in Figure 1b. No 
stricture increased in length. There were measurements for 36 
patients: ten strictures disappeared, 24 became shorter and two 
did not change. 

Mean values and statistical analysis of these changes are 
shown in Table 1. 

Sixteen patients had Barrett's oesophagus. In these, 
strictures had a mean diameter 1:7 mm smaller than the others, 
but they also improved following insertion of the device. Early 
or late regression of the columnar lining was not observed. 


Late results. Final measurements gave a mean bore of 
12:2 mm. Figure 2 shows follow-up data for 35 patients. The 
result at the first postoperative examination was maintained in 
13 patients and further improvement occurred in 15, in three 
of whom the stricture disappeared. There was deterioration in 
stricture bore in seven patients, the worst case caused by a 
faulty device which fell off. 


Hiatal flow and reflux 

Hiatal flow and reflux (referred to for brevity as reflux) was 
demonstrated in all 43 patients before operation; in 27 no 
postoperative reflux could be shown. When the prosthesis was 
placed in the abdomen, reflux ceased in 24 of 30 patients: when 
it was placed in the chest, reflux ceased in three of 13 
{P <0-01)?°. If the Angelchik ring was in the abdomen the 
latest assessment showed that reflux was the same, or less, in 
24 of 28 patients; if it was in the chest, reflux was worse in 
seven of nine (P < 0-01)?°. When the device was in the chest, 
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Figure 2 Long-term follow-up of 35 peptic strictures: changes in hore 
subsequent to those shown in Figure la. o, Nine patients in whom the 
stricture was not detectable; @, 26 in whom it was still detectable at the 
Jirst follow-up 


tn nn 


Length (mm) 


Abdomen 


28 10:57 (761-13-54) 


12 8-07 (5-13~11-00) 2 
5-00 (0-95-~9-05) 28 4-70 (2:13~7-26} 


1 3-44* 25 8-04* 


~4-60 (~759 to — 1-60)¢ 





Values in parentheses are 95 per cent confidence intervals. n, number of observations. *P < 0-001; +P < 0-002 (paired t test): {P < 0-004; $P not 


significant (two-sample ¢ test) 
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Table 2 Number of patients with each symptom grade before and after 
surgery, classified according to location of the prosthesis 








Grade 
l 2 4 
Reflux 
Abdomen 
Preoperative 1 3 12 13 
Postoperative 23 5 2 0 
Latest 20 8 2 0 
Chest 
Preoperative 0 l 3 9 
Postoperative 2 6 3 2 
Latest 3 1 4 3 
Dysphagia 
Abdomen 
Preoperative 0 0 12 18 
Postoperative 13 7 4 6 
Latest 19 5 3 3 
Chest 
Preoperative 0 2 4 7 
Postoperative 5 3 2 3 
Latest 4 2 3 
Medication 
Abdomen 
Preoperative I 2 2 25 
Postoperative 21 3 5 0 
Latest 20 6 4 0 
Chest 
Preoperative 0 1 2 10 
Postoperative 3 0 8 2 
Latest 3 0 3 5 





control of reflux was poorer initially and more likely to 
deteriorate than when the prosthesis was in the abdomen. 


Symptoms of reflux, dysphagia and medication 

Table 2 shows numbers of patients classified by grade of 
symptoms and location of the prosthesis. Numbers are recorded 
in each category before implantation of the device, at the first 
postoperative assessment and at the latest assessment. Almost 
all patients had symptoms of grade 2, 3 or 4 before operation 
but grade 1 afterwards (P < 0-001; 77 = 31-11 for reflux, 22-76 
for dysphagia, 30-75 for medication, 1 d.f., 2 x 2 contingency 
table combining numbers for grades 2, 3 and 4 in this and 
subsequent tests). No significant deterioration occurred 
between the first postoperative and the latest assessment. The 
results were superior when the prosthesis was placed in the 
abdomen both for symptoms of reflux and need for drug 
treatment (7? = 14-00 for reflux, 8-92 for medication, 1 d.f., 
P < 001). 


Discussion 


An indication of the severity of oesophageal strictures is given 
by length and bore, but only Bennett’s group”!:?? and Edwards 
et al.'7 have made measurements. Two points particularly 
deserve discussion: , 


1. A highly significant increase in the bore and decrease in 
the length of oesophageal strictures occurred by the time 
of the initial postoperative examination — an improvement 
that cannot be attributed to oesophageal bougienage 
because it was not performed during this time. Implantation 
of the prosthesis can cause complete resolution of peptic 
strictures of the oesophagus (13 of 43 in the present series ). 
This conclusion is corroborated by the fate of one patient 
whose prosthesis fell off and whose stricture recurred. 
Improvement 3 months after operation usually gave a good 
prediction of the long-term result. 

2. Objective radiology and subjective symptom grades suggest 
that the prosthesis works less well when it is sited in the 
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chest, but even in this situation it was clearly beneficial. 
The device can enter the chest only if the crura are wide 
enough (i.e. in the worst hernias) and inferior results thus 
cannot be blamed on the position of the prosthesis alone. 


Dysphagia is difficult to quantify by subjective means; until 
the oesophagus is completely impassable, the symptom can be 
avoided by a liquid diet. The reported frequency of dysphagia 
thus depends on dietary discretion in addition to the bore of 
the stricture. Implantation of an Angelchik prosthesis may 
cause a different kind of dysphagia from that caused by stricture, 
but the subjective grades reveal a similar pattern to objective 
measurements of stricture bore. In the present series, implanting 
a prosthesis usually had a beneficial and long-lasting effect: 
most strictures improved or disappeared. This modest success, 
and a lack of complications, may indicate that an authoritarian 
view that the device should never be used??? is mistaken and 
may have inappropriately discouraged surgeons. 
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Soft tissue sarcomas are rare and account for fewer than 
l per cent of all malignant tumours!. Malignant fibrous histio- 
cytoma represents approximately one-third of these and 
probably originates from primitive mesenchymal precursor 
cells. These tumours often remain locally invasive. but 
haematogenous spread is recognized in 30 per cent of cases and 
lymphatic in 12 per cent’. 

Malignant fibrous histiocytomas metastasizing to the scalp 
and trunk have been described??. A case of metastasis to a 
contralateral lower-limb skin graft donor site is reported and 
possible modes of dissemination discussed. 


Case report 


A 65-year-old man presented with a painless swelling on the right upper 
arm that had been present for 15 years. In the 6 months before 
presentation, the swelling had rapidly enlarged and ulcerated. Wide 
local excision was performed and the resulting defect was covered with 
a split skin graft harvested from the left thigh. Results of baseline chest 
radiography, haematological and biochemical screening were normal. 
Histologically the tumour was composed of bundles of pleomorphic 
spindle cells arranged in storiform pattern with numerous mitotic 
figures, some being atypical. The morphology of the cells and their 
arrangement indicated a diagnosis of malignant fibrous histiocytoma, 
Sections of the deep margin showed that the tumour excision was 
incomplete. 

Further excision at this unit achieved apparent histological 
clearance, a split skin graft successfully healing the defect. However, 
4 weeks later there was evidence of local recurrence and dyspnoea at 
rest. Chest radiography revealed multiple discrete lesions suspicious of 
pulmonary metastases. The original skin graft donor site also contained 
a firm nodular lesion 2 cm in diameter that had ulcerated through the 
overlying skin (Figure 1). 

Further wide excision was undertaken and the donor site lesion 
excised. Histological examination confirmed local recurrence of the 
histiocytoma. The nodule at the donor site was composed of similar 
portions of malignant fibrous histiocytoma and inflamed granulation 
tissue. The patient's condition deteriorated and he died from 
disseminated malignancy 6 weeks later. 


Discussion 


Malignant fibrous histiocytoma has a 60-80 per cent 5-year 
survival rate'*. The patient reported clearly had aggressive 
disease, shown by the widespread metastases and local 


366 


21. Dyet JF, Bennett JR, Buckton GK, Ashworth D. The radiological 
measurement of oesophageal stricture diameter. Clin Radiol 1983; 
34: 647-9, 

22. Cox JGC, Winter JK, Maslin SC et al. Balloon or bougie for 
dilatation of benign oesophageal stricture? An interim report of 
a randomised controlled trial. Gut 1988; 29: 1741-7. 

23. Editorial. Angelchik antireflux prosthesis. Lancet 1985; ii: 987. 

2 Editorial. Angelchik revisited, lessons for the introduction of new 
operations. Lancet 1992; 339: 340. 


Paper accepted 19 June 1992 





Figure 1 Cutaneous metastasis of tumour to the donor site of the left 
thigh 


recurrence. Pulmonary metastases are well documented; 
cutaneous metastases have been observed infrequently and in 
some cases only in autopsy material?. Cutaneous limb 
metastases have not been previously reported. 

The mode of spread of tumour to the donor site is unclear: 
haematogenous spread is a possibility. Endothelial cells in 
granulation tissue are known to be ‘sticky’, allowing contact 
with leucocytes, for example. This case may represent 
haematogenous seeding within the highly vascularized donor 
site. The occurrence of tumour at the donor site also raises the 
possibility of iatrogenic spread. A donor site theoretically 
presents a suitable environment for tumour cells to thrive, and 
a deposit of tumour from a contaminated glove remains 
possible*. This case is the first to illustrate distant cutaneous 
metastasis to a limb from a malignant fibrous histiocytoma. 
To avoid the possibility of direct tumour inoculation from the 
surgeon’s gloves, we would recommend either harvesting the 
skin before handling the tumour or changing gloves once the 
latter is resected. 
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Oesophagectomy by a transhiatal 
approach or thoracotomy: a 
prospective randomized trial 


A prospective randomized trial of 67 patients undergoing oesophagectomy 
by either a transhiatal approach or right-sided thoracotomy was 
conducted over a 40-month period. In 32 patients the approach was 
transhiatal and 35 had a thoracotomy; the groups were well matched 
before operation. There were two hospital deaths in patients having the 
transhiatal oesophagectomy and three in those undergoing thoracotomy. 
Blood transfusion, intensive care stay and overall time of hospitalization 
were not significantly different between the two groups. There was no 
difference in the postoperative morbidity rate and, in particular, the 
incidences of pulmonary complications were similar (19 per cent for 
transhiatal oesophagectomy, 20 per cent for thoracotomy) with 
anastomotic fistula in 6 and 9 per cent respectively. The median (range) 
operating time was significantly longer in patients having thoracotomy 
(6 (3:5-9:5) versus 4 (3-8) h). Long-term survival was unaffected 
by the type of operation performed or addition of preoperative 
chemotherapy or radiotherapy. Nodal status was a significant prognostic 
factor within but not between the two groups. It is concluded that 
oesophagectomy by a transhiatal route or right thoracotomy are equally 
effective surgical options for treatment of squamous cell oesophageal 
cancer. 


Controversy still exists as to the optimal surgical approach to 
oesophagectomy for patients with oesophageal carcinoma. The 
two main operations currently advocated are transhiatal 
oesophagectomy with cervical anastomosis and oesophagectomy 
with right-sided thoracotomy. The transhiatal approach was 
first reported in 1931 and again 5 years later by Grey Turner’:?, 
but has been more recently popularized by Orringer and 
colleagues**. Oesophagectomy with right-sided thoracotomy 
has had a number of advocates over the years since Lewis® in 
1946 and Tanner’? in 1947 reported experience using an 
abdominal and right thoracotomy approach. 

Proponents of the transhiatal route argue that it avoids a 
thoracotomy and the attendant respiratory complications, any 
sepsis from a disrupted anastomosis also being less serious in 
the cervical region®. Those favouring thoracotomy and 
intrathoracic oesophageal anastomosis emphasize the ability to 
clear the tumour and involved lymph nodes, and the relative 
safety of the procedure if other mediastinal structures are 
adherent®*-!7, Few reports comparing the two methods have 
been published!3-!© and no prospective randomized study 
exists. This paper reports such a study, comparing the 
transhiatal approach with thoracotomy. 


Patients and methods 


Between February 1988 and May 1991, 198 patients presented to the 
Department of Digestive Surgery, Pontchaillou Hospital, with cancer 
of the oesophagus. Of these 198, 108 were initially eligible for inclusion 
in the trial; the eligibility and exclusion criteria are shown in Table 1. 
On the basis of these criteria, 27 patients were excluded after subsequent 
investigation: seven refused surgery, four had metastatic spread, five 
oesophagotracheal fistula, two associated pharyngeal cancer, four were 
unsuitable for anaesthesia, one died before surgery, one had 
chemotherapy before enrolment, one had cervical oesophageal cancer 
and two had an adenocarcinoma. A further 14 patients were found at 
the time of operation to be unsuitable for randomization: eight had 
disseminated carcinoma and in six an alternative procedure was used 
because of unexpected extensive invasion of adjacent structures by 
tumour. 

This left 67 patients to be randomized to one of the two treatments. 
One group of 32 patients underwent transhiatal oesophagectomy and 
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the other of 35 oesophagectomy with a right thoracotomy. Patient and 
tumour characteristics are shown in Table 2. Presenting symptoms were 
similar in the two groups. Before operation all patients underwent 
routine haematological tests for haemoglobin level, haematocrit, white 
blood cell count, total serum proteins and albumin determination. 
Chest radiography, barium meal studies, oesophageal endoscopy with 
biopsy of oesophageal lesion, and tests of respiratory function and 
blood gases were also performed. 

The operative technique of transhiatal oesophagectomy was similar 
to that described by Orringer and Sloan?, while patients undergoing 
thoracotomy were treated using the method already published from 


Table 1 Eligibility and exclusion criteria 


Eligibility criteria 
1. Squamous cell carcinoma of the oesophagus 
Age <70 years 
Karnofsky score >60 or WHO performance status <2 
Life expectancy estimated >3 months 
No previous treatment for cancer 
Acceptance of the trial and randomization by the patient 


Exclusion criteria 

Carcinoma of the cervical oesophagus 

Weight loss > 15% of initial weight 

Malignant oesophagotracheal fistula or tracheal mucosal 
involvement 

Preoperative evidence of extraoesophageal spread (liver 
metastases, subclavicular node or recurrent laryngeal nerve 
paralysis ) 

5. Past history of cancer (except carcinoma of the skin or cervix 
treated curatively and ear, nose and throat cancer treated 
without evidence of recurrence for at least 5 years) 

6. Renal insufficiency (serum creatinine > 120 pmol/l) or liver 
insufficiency (prothrombin time <60%, transaminases up 
> threefold); chronic pulmonary or cardiac insufficiencies 

7. Uncontrolled sepsis 

8. WBCs <2 x 10°/1 or platelets <120 x 10°/1 

9. Radiotherapy or chemotherapy received in another institution 
for treatment of oesophageal carcinoma 

10. Follow-up not possible 


wre B nnpun 


> 





WHO, World Health Organization; WBC, white blood cell 
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Table 2 Patient and tumour characteristics for oesophagectomy by the 
two approaches 


Transhiatal Right 








approach thoracotomy 
(n = 32) (n = 35) 

Age (years )* 57-4(79) 57-4(8-4) 
Sex ratio (F:M) 1:31 2:33 
Smokers (%) 81 85 
Alcoholic (%) 90 88 
Dysphagia 

Frequency (%) 81 88 

Duration (months )* 25 3:1 
Weight loss 

Frequency (%) 62 65 

Amount (kg)* 5-2(3-31) 5-0(2:39) 
Serum albumin (g/1)* 41-6(3-44) 40-0(3-23) 
Barium swallow 

Tumour length (cm)* 5-3(1:33) 4-9(1-73) 

Minimum calibre of stenosis (mm )* 9-1(4-49) 12-1(6-00) 
Endoscopy 

Occlusive stenosis 3 8 

Multifocal lesion 0 0 

Exuberant lesion 25 23 

Ulcerated lesion 19 22 

Infiltrated lesion 13 18 

Distance to dental arch (cm)* 29-6 29-6 
Pathology 

Well differentiated 25 27t 

Poorly differentiated 6 2 
. Undifferentiated 1 6 
Location 

Upper third 2 0 

Middle third 18 19 

Lower third 12 16 


* Values are mean(s.d.). t Includes one carcinoma with both squamous 
cell and adenocarcinoma elements. There were no significant differences 
between the two groups 


this centre'’. All patients had a feeding jejunostomy inserted during 
the operation. Operating time, transfusion requirement, tumour stage, 
and postoperative morbidity and mortality rates were recorded. Three 
patients originally randomized to the transhiatal approach were 
converted to a right thoracotomy because it was not possible to remove 
the tumour safely by the former route. 

Follow-up was performed in July 1991 so at least 2 months had 
elapsed since surgery for all patients. Data were analysed using 
Kaplan-Meier life-table analysis! and Student’s t test with Yates’ 
correction}. 


Results 
Operative data 
Patients who underwent oesophagectomy by the transhiatal 
approach required a median operating time of 4 (range 3-8) h 
compared with that of those undergoing thoracotomy of 6 
(range 3-5—9-5) h. Much of the additional time required for the 
latter procedure involved repositioning and redraping of the 
patient before the thoracotomy. The median (range) 
transfusion requirements for the transhiatal approach and 
thoracotomy were not significantly different at 2-3 (1-10) versus 
2:3 (0-8) units respectively. In each group ten patients required 
no transfusion during the operative or perioperative periods. 
In patients undergoing transhiatal oesophagectomy the 
pleura was opened in four cases and the spleen damaged but 
preserved in three; one splenectomy was performed for a splenic 
infarction and perforation of the tumour occurred in one 
patient. In patients submitted to thoracotomy, splenic damage 
occurred once and the tumour was perforated in one case. 
Tumour node metastasis staging at time of surgery is 
summarized in Table 3. 


Postoperative data 
The median (range) time spent in the intensive care unit after 
surgery was not significantly different between the transhiatal 
approach and thoracotomy: 9-2 (2—45) versus 8-6 (2—60) days. 
The overall period of hospitalization was also similar: median 
(range) 20:5 (14-57) versus 18-0 (3-80) days respectively. 
Hospital morbidity is summarized in Table 4 for the two 
groups, which were not significantly different in this respect. 


` There were two hospital deaths in patients undergoing 


transhiatal oesophagectomy (from pulmonary embolus on day 
60 and myocardial infarction on day 15) and three deaths in 
those receiving thoracotomy (from adult respiratory distress 
syndrome on day 13, pneumonia on day 80 and pulmonary 
embolus on day 3). 


Late complications 
Three patients receiving transhiatal oesophagectomy had 
anastomoses that required dilatation, at 3, 6 and 9 months 
respectively. Additionally there were two fistulas in patients 
who had mechanical anastomoses with an additional stenosis 
at 2 months after surgery in this group. In patients undergoing 
thoracotomy all anastomoses were mechanical, and in three 
non-lethal fistula developed without stenosis. However, two 
additional patients required dilatation for recurrent disease. 
Death had occurred in 16 patients at the time of review in 
those operated on by the transhiatal approach, from metastatic 
disease in seven patients, recurrent mediastinal disease in five 
and other causes in four. In patients receiving thoracotomy, 
death at follow-up was from metastatic disease in ten, 
mediastinal recurrence in nine and other causes in three. The 
number and causes of death in each group were not significantly 
different. 


Survival 

The overall survival for each group was not significantly 
different (Figure 1). The absence of histologically positive 
lymph nodes did not cause any difference in survival between 
groups (Figure 2). However, when the subgroup of patients 


Table 3 Tumour node metastasis classification at time of oesophag- 
ectomy by the two approaches 





Transhiatal Right 
Classification Stage approach thoracotomy 
T2 NoMo lor Il { a T 
T:N, 0 3 
Ta No Il 4 3 
3Ni-3 4 11 
Palliative surgery* 4 6 


* Macroscopic malignant tumour left in the mediastinum or abdomen 


Table 4 Hospital morbidity following each procedure 


Transhiatal Right 
approach thoracotomy 
(n= 18; 56%) (n= 16; 46%) 





Pulmonary infection 6.(19) 7 (20) 
Pleural effusion 11 (34) 4 (11) 
Anastomotic leakage 2 (6) 3 (9) 
Recurrent laryngeal nerve 1 (3) 1 (3) 
paralysis ; 

Thoracic bleeding 0 (0) 1 (3) 
Cervical abscess without fistula 2 (6) — 
Gastroplasty necrosis 1 (3) 0 (0) 
Jejunostomy leak 1 (3) 0 (0) 
Other 3 (9) 5 (14) 


Values in parentheses are percentages. There were no significant 
differences between the two groups 
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Figure 1 Survival curves for patients undergoing oesophagectomy by a 
transhiatal approach (0) or right thoracotomy (e). There was no 
significant difference in survival between the two groups 
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Figure 2 Survival curves for patients without nodal involvement (stage 
I disease) undergoing oesophagectomy by a transhiatal approach (o) or 
right thoracotomy (@). There was no significant difference in survival 
between the two groups 


100 Ka 


80 


an 
oO 


Survival rate (4) 
e-i 
oa 


w 
2 





0 6 12 18 24 30 36 


Time after operation (months) 


Figure 3 Survival curves for patients undergoing oesophagectomy by a 
transhiatal approach with stage I or II (o) versus stage LI (e) disease. 
Earlier disease stages were associated with significantly better survival 
(P < 0-001) : 
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Figure 4 Survival curves for patients undergoing oesophagectomy by 
right thoracotomy with stage I or IT (©) versus stage IIT (@) disease. 
Earlier disease stages were associated with significantly better survival 
(P < 0-02) 
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Figure 5 Survival curves for patients with nodal involvement (stage III 
disease) undergoing oesophagectomy by a transhiatal approach (o) or 
right thoracotomy (e). There was no significant difference in survival 
between the two groups 


undergoing transhiatal oesophagectomy and without nodal 
involvement was compared with that with such involvement, 
a significant difference in survival was found (P < 0-001; 
Figure 3); this was also the case within those receiving 
thoracotomy (P < 0:02; Figure 4). Figure 5 shows that the 
overall survival in node-positive patients undergoing either 
operation was not significantly different between groups. 


Discussion 

Despite reports advocating one form of oesophagectomy in 
preference to another?°-*°, no randomized prospective study 
has addressed the question of the optimal surgical approach. 
The few reports that have considered the two techniques within 
the same institution are retrospective and contradictory. 
Shahian et al.1® and Muller and colleagues** reported an 
improved morbidity rate with a right thoracotomy whereas 
Fok et al.'? showed no difference in outcome for this procedure 
compared with transhiatal oesophagectomy. Sixty-seven 
patients were randomized into two groups in the present study, 
receiving either transhiatal oesophagectomy or thoracotomy; 
within the former group 9 per cent of procedures had to be 
converted to thoracotomy because of adherence to mediastinal 
structures found at operation. This compares with a conversion 
rate of 4 per cent reported by Orringer?. 

Despite the alleged advantage of the transhiatal route in 
minimizing respiratory complications’, no difference was found 
between the postoperative morbidity or mortality rates for the 
two groups. There were also similar blood transfusion 
requirements and hospital stay. It appears that any respiratory 
advantage conferred by transhiatal oesophagectomy is 
probably theoretical and at best slight, and should not be an 
over-riding consideration in the proposed surgical approach. 

The major difference between the two groups was a longer 
operation time for patients having thoracotomy. This is to be 
expected unless a combined synchronous approach is used?°, 
The advantage of a shorter operating time needs to be balanced 
with the need for two surgical teams and the relative difficulty 
of such an approach. 

Initial reports suggested an associated hospital mortality 
rate following oesophagectomy of between 25 and 40 per 
cent?°3!, More recent studies describe rates of around 
5 per cent!’. The present series contained five deaths, none 
directly related to complications resulting from imperfect 
surgical technique. Intrathoracic anastomotic leaks are a 
particularly serious complication reported to have a mortality 
rate of over 50 per cent?!~3? and are one of the principal dangers 
of right thoracotomy. On the other hand, necrosis of the 
gastroplasty is reported to occur in 5 per cent of cases following 
transhiatal oesophagectomy, with a 97 per cent mortality rate>*. 
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Neither complication caused a fatality in the present group of 
patients. 

Advocates of thoracotomy have suggested that the 
procedure permits a more complete clearance of involved nodes 
(both macroscopic and microscopic?! !?.2935) and, therefore, 
an improved survival. It is well known that there is a significant 
difference in long-term survival depending on lymph node 
involvement?>. This difference has again been shown to be 
significant between stage I and III disease for both approaches. 
The difference seemed more significant in patients undergoing 
transhiatal oesophagectomy, but in that group there was a bias 
created by the fact that many patients had no involved nodes. 

All previous reports comparing right thoracotomy and 
transhiatal oesophagectomy have suffered from being retro- 
spective and often not contemporaneous!*?®3’, This is an 
understandable problem as few institutions see a sufficient 
number of cases annually to start an adequately large 
prospective randomized trial. This study was able to document 
prospectively a group of patients with squamous cell carcinoma 
of the oesophagus undergoing either of the approaches over a 
short 40-month period. During this time no significant changes 
in intensive care treatment and preoperative or postoperative 
management occurred. The results indicate that no advantage 
exists in favour of either surgical approach. Both offer adequate 
management, albeit doing little to alter the dismal prognosis 
of the disease. At the present time, advances in the management 
of oesophageal carcinoma are likely to come only from earlier 
detection and/or improved screening. Surgeons should be 
competent in all forms of oesophageal resection and bypass, 
and efforts should be directed at reduced stenosis and leak rates 
for all procedures rather than pursuing a single operative 
intervention for all patients. 
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Bile acid concentration and symptoms were evaluated in 24 patients 
after total oesophagectomy and gastric pull-up. Patients were randomly 
allocated to receive pyloroplasty or not. After operation all were followed 
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was estimated. The mean(s.d.) bile acid concentration 6 months after 
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Total oesophagectomy with gastric pull-up through the 
posterior mediastinum is a standard procedure for malignancy 
and intractable corrosive stricture of the oesophagus. Because 
total vagotomy and resultant gastric stasis is an inevitable 
consequence of this operation, some surgeons routinely perform 
pyloroplasty'~*; others believe that the intrathoracic stomach 
empties well even without such a procedure‘. 

It is also believed that pyloric denervation leads to increased 
duodenogastric reflux of bile’. Such reflux following gastro- 
jejunostomy or gastrectomy has potentially harmful effects on 
the gastric mucosa®: it is supposed to be responsible for ‘biliary 
gastritis’, intestinal metaplasia and mucosal hyperplasia’. 
Unfortunately, little is known about bile reflux in the intra- 
thoracic stomach. 

The present study was therefore undertaken to detect 
duodenogastric reflux by measuring bile acid concentration in 
the intrathoracic stomach and to correlate this with the clinical 
symptoms of patients after oesophagectomy. 


Patients and methods 


Between July 1988 and June 1990, 100 patients with operable benign 
(15 patients) or malignant (85) lesions of the oesophagus were managed 
surgically. All underwent surgery after thorough diagnostic examin- 
ation including barium swallow, endoscopy and biopsy, chest 
radiography, liver function tests and computed tomography. All were 
given adequate nutritional care and pulmonary physiotherapy, both 
before and after surgery. At exploration, lesions. were considered 
resectable in only 60 patients. Total oesophagectomy and gastric 
pull-up to the neck was performed in all patients. Total pesophagectomy 
was performed by a synchronous three-team approach as described 
previously®. After oesophagectomy and gastric mobilization, patients 
were randomized by drawing of lots to receive pyloroplasty or not. 
Pyloroplasty was performed by a standardized Heineke-Mikulicz 
technique to a length of 6cm. The stomach was transposed in the 
mediastinum and oesophagogastrostomy performed to the cervical 
oesophagus. Of the 60 patients who underwent total oesophagectomy, 
ten died in the postoperative period and another ten within 6 months 
of operation. Nine refused to undergo tests for duodenogastric reflux 
and in seven the study could not be conducted because of technical 
problems. These included failure to pass a tube beyond the anastomosis, 
accidental removal! of the tube, blood-stained aspirate secondary to 
traumatic insertion, and persistent retching, which required removal 
of the nasogastric tube. Thus only 24 patients (12 in each group) were 
available for this study: 19 men and five women of mean age 49 (range 
18-69) years. Nineteen patients had carcinoma and the remaining five 
extensive corrosive stricture of the oesophagus. 
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and 25-0(24:2) mg/dl respectively). Postprandial discomfort and bilious 
eructations were the two most commonly observed symptoms in both 
groups. Other features noted were vomiting, anaemia and anorexia. 
These did not however seem to be related to intragastric bile acid 
concentration of individual patients in either group and occurred 
irrespective of whether pyloroplasty was performed or not. 


These 24 patients were periodically seen in the follow-up clinic up 
to 6 months after surgery. During these visits they were carefully 
interviewed by an independent observer for features believed to be 
caused by bile reflux, such as postprandial discomfort or fullness, bilious 
eructations, vomiting, anorexia, anaemia and weight loss. 

Patients were also evaluated 6 months after surgery for 
duodenogastric reflux by estimation of bile acid concentration. A 
nasogastric tube was placed in the pyloric antrum under radiological 
control 4 h after a light meal in the evening. Gastric juice was aspirated 
every hour for 12 h. Total volume and pH of the gastric aspirate were 
measured in each patient. The samples thus collected were stored at 
—30°C. The total bile acid concentration in the fasting gastric aspirate 
was estimated using a standard kit (Sterognost 3 Alpha pho; Nyegard, 
Oslo, Norway). The intragastric bile acid concentrations were then 
correlated with symptoms. 

Bile acid concentrations were compared using the Wilcoxon rank 
sum test. 


Results 

Clinical follow-up 

After operation, ten patients experienced postprandial dis- 
comfort: six undergoing pyloroplasty and four not. Bilious 
eructations were observed in 15 patients (seven and eight in 
the two groups respectively). Similarly, vomiting (three and 
two patients), anorexia (three and three) and anaemia (six and 
five) were equally frequent in patients with and without 
pyloroplasty. 


Total bile acid concentration of gastric aspirate 


The volume of the aspirate varied considerably, ranging 
between 300 and 750 ml. Similarly, the pH of the samples varied 
between 35 and 68. The mean(s.d.) total bile acid 
concentration in patients undergoing pyloroplasty was 
34-9(30-1) mg/dl and that in those not receiving pyloroplasty 
25-0(24-2) mg/dl. The range of bile acid concentration in the 
two groups was wide, although the majority of patients had 
values between 10 and 30 mg/dl. No significant difference was 
demonstrated between the two groups. 

When the total bile acid concentration was correlated with 
postoperative symptoms, no relationship was observed 
(Table 1). Symptoms were present irrespective of the 
concentration of bile acid and whether or not pyloroplasty had 
been performed. For example, patient 24 had a high bile acid 
concentration but no symptoms, whereas patient 23 had a low 


concentration but several symptoms. 
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Table 1 Gastric juice volume, pH and bile acid content in patients with an intrathoracic stomach with and without pyloroplasty 





Pyloroplasty (n = 12) 





No pyloroplasty {n = 12) 








Bile acid . Bile acid 

Patient Volume Total bile concentration Patient Volume Total bile concentration 
no. Symptoms (ml) pH acid (mg) (mg/dl) no. Symptoms (ml) pH acid (mg) (mg/dl) 

2 2, 3,4, 5 300 3-7 269 89-7 1 2,4 465 3-5 28 60 

4 4 345 3-5 31 9-0 3 1,5 335 3-7 106 31:5 

7 1,2,3 325 3-5 55 170 5 2,5 420 45 70 16-8 

8 1,3,5 440 5-2 117 267 6 1,2 535 50 182 33-9 

I1 1,2 480 50 233 48:5 9 2, 3,5 570 5-1 193 33-9 

12 0 615 63 104 170 10 1 520 5:3 95 18-2 

17 0 ns 60 222 30:2 13 . 90 695 65 75 10-8 

18 1,2,5 385 3-5 14 19-4 14 2 710 68 86 {2-1 
21 12,5 300 3:5 51 17-0 15 0 485 48 112 23-0 
22 2,4, 5 485 57 215 44:2 16 2 300 3-5 9 30 
23 Fe ie) 685 58 42 61 19 1,2,4,5 330 45 52 15-8 
24 0 355 40 336 94-6 20 2, 3, 4, 5 730 65 709 94-6 
Mean(s.d.) 454(151)  4-6(1-1) 146(104) 34:9(30-1) 510(152) 50(1-1) 143(186) 25-0(24-2) 


Symptoms: 0, none; 1, postprandial fullness or discomfort; 2, bilious eructation; 3, vomuting; 4, anorexia; 5, anaemia 


Discussion 

Duodenogastric bile reflux is known to occur after various 
gastric operations including vagotomy. As total oesophag- 
ectomy also involves vagotomy, reflux is expected to occur in 
the vagotomized intrathoracic stomach used for oesophageal 
replacement. Unfortunately, little is known about this process. 

To detect reflux after gastric operations, most authors have 
used either endoscopy?’ or scintigraphy’®. These methods are 
essentially qualitative. Measurement of intragastric bile acid 
concentration, on the other hand, is a useful quantitative 
method!!~}3. It records the net concentration of bile acids 
refluxed into the stomach, which is likely to be related to 
mucosal changes. Overnight gastric aspiration following a meal 
takes into account the food-induced bile secretion as well as 
the dilutional effect of food and gastric juice. We consider 
estimation of bile acid concentration in an overnight collection 
of gastric aspirates to be a physiological estimate of gastric 
mucosal exposure to bile acids. 

The postoperative bile acid concentrations in the intra- 
thoracic stomach in the present series were similar 6 months 
after surgery in patients with and without pyloroplasty. Bile 
reflux seemed to occur in all patients with an intrathoracic 
stomach, irrespective of the addition or not of pyloroplasty 
(Table 1). 

Mannel et al.** in a study of patients with an intrathoracic 
stomach without pyloroplasty reported a mean bile acid 
concentration of 22-5 mg/dl. They attributed this to increased 
duodenogastric reflux. Sugiyama et al.'* reported a mean bile 
acid concentration of 21:2 mg/dl after pylorus-preserving 
gastrectomy. This surgery, although not identical to oesophag- 
ectomy and gastric pull-up, also involves total vagotomy and 
pyloric denervation, which probably explains the similar results. 

Alkaline or biliary gastritis usually presents with a symptom 
complex of epigastric pain, bile vomiting, anaemia, anorexia 
and weight loss. These symptoms are reported to be caused by 
duodenogastric reflux of bilet 112-16-17, 

Hoare et al.'! and Wickremesinghe and colleagues!’ have 
demonstrated higher bile reflux in symptomatic patients. 
Svenson!®, on the other hand, believed that, although bile reflux 
is increased in symptomatic patients, there is no correlation 
between gastritis and symptoms or gastritis and bile reflux. 
Bechi et al.!° could not demonstrate a significant difference 
between histological findings in symptomatic and asympto- 
matic patients. 

In the present study, postprandial discomfort and bilious 
eructations were the two most common complaints after gastric 


pull-up operation, occurring equally in patients with or without 
pyloroplasty. Occasional vomiting, anaemia and anorexia are 
other features noted in this study, but there was no correlation 
between bile acid concentration and symptoms in these patients. 
In conclusion, this study has demonstrated equal amounts 
of bile acids in patients with and without pyloroplasty after 
cervical oesophagogastrostomy. No evidence has been found 
that the amount of bile reflux is associated with postoperative 
symptoms in such patients. 4 
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The successful emergency excision of a bleeding gastric tumour 
on the greater curve by minimally invasive surgery is reported. 


Surgical technique 


A 70-year-old man presented with recurrent upper gastrointestinal 
haemorrhage necessitating multiple blood transfusions. Gastroscopy 
showed a 2-5-cm elevated ulcerated lesion bleeding high or on the anterior 
wall of the greater curve of the stomach. 

Under general anaesthesia, with the patient supine, a ER 
was inserted through a 10-mm supraumbilical cannula. A 12-mm port 
was sited on the mid-clavicular line in the left hypogastrium for 
introduction of a 30-mm Endo-GIA (Auto Suture, Ascot, UK), and a 
5-mm cannula was placed in the epigastrium to allow retraction of the 
liver. Another 10-mm cannula was placed in the lower epigastrium to 
the right of the falciform ligament for instrument access. A gastroscope 
was passed into the stomach, and the tumour was located. The gastric 
wall was raised from the luminal aspect, with a biopsy forceps. The 
raised area was then grasped with a Babcock’s forceps (Figure I). 

The greater curve was mobilized, dividing the short gastric vessels 
with a combination of the Endo-GIA and clip applicators. A cuff of 
stomach was excised under direct vision, both laparoscopically and 
gastroscopically, by firing the Endo-GIA sequentially along the 
mobilized section of the greater curve. The specimen was removed 
through the supraumbilical cannula. It was opened and inspected to 
ensure that the resection margins were clear of tumour. The abdominal 
cavity was inspected for bleeding, and the wounds were closed. The 
anaesthesia time was 180 min. 

The patient tolerated a full diet on the second day after operation 
and was discharged on the third. Histological examination of the excised 
specimen showed the lesion to be a metastasis from a renal cell 
carcinoma removed by nephrectomy in 1980. The excision margins 
were clear of tumour. 


Discussion 
Laparoscopic gastric mobilization has been described’, but the 


present case demonstrates that it is possible to excise a small 
gastric tumour laparoscopically with satisfactory resection 
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Line of resection 
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Figure 1 Coronal section through the stomach showing the tumour being 
raised to allow accurate placement of the laparoscopic grasping 
instrumenis 


margins. It would not be possible to locate small gastric lesions 
accurately by laparoscopy alone; combining the procedure with 
gastroscopy allows identification of the target lesion and clear 
definition of the tissue to be resected. This technique is likely 
to result in lower morbidity and mortality rates than standard 
open partial gastrectomy, which would ordinarily have been 
the treatment for this patient. 

Sano et al.? reported a series of patients in whom early 
gastric carcinoma might be treated by gastroscopic resection. 
However, their technique precludes pathological assessment of 
the regional lymph nodes. Laparoscopic gastric resection would 
allow excision of small gastric tumours with assessment of the 
regional lymph nodes and the liver, without the risks of open 
operation. 
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Increasing incidence of carcinoma 


of the gastric cardia in Sweden 
from 1970 to 1985 


Several American, Japanese and European centres have reported an 
increase in carcinoma of the gastric cardia, contrary to the general 
trend in the incidence of gastric cancer. The aim of this nationwide 
population-based study was to describe trends in the incidence of tumours 
of the gastric cardia in Sweden over the 16-year period from 1970 to 
1985. The Swedish cancer register, which is more than 95 per cent 
complete, was used to identify cases. There were 1514 men and 481 
women with cancer of the gastric cardia. The age-standardized rates 
increased in men from 1-9 per 10° population in 1970-1973 to 3-0 per 
10° in 1982-1985, corresponding to a mean annual increase of 
2-5 per cent (95 per cent confidence interval (c.i.) 1-6-3-4 per cent). 
In women, the age-standardized rates increased from 0-5 per 10° in 
1970-1973 to 0-8 per 10° in 1982-1985, the mean annual increase being 
0-9 per cent (95 per cent c.i. 0-0-1-8 per cent). The highest incidences 
were found in southern Sweden, contrary to the geographical distribution 
of gastric cancer in general, which shows a south-to-north gradient. The 
disparate epidemiological features of cancer of the cardia and gastric 
cancer at other sites suggest that the aetiologies may also be different. 
Since little is known about the aetiology of cancer of the cardia, and 
the incidence seems to be rising rapidly, analytical studies are urgently 
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Contrary to the well established downward trend in the 
incidence of gastric cancer worldwide!?, there are several 
reports of an increase in carcinoma of the gastric cardia, 
based on hospital series from American®”, Japanese? and 
European®'* centres. These somewhat unexpected findings 
have been confirmed by a few population-based studies!*!*. 
It remains unclear whether the results reflect a relative increase 
in relation to stomach cancer at other sites, which has decreased 
markedly during the past decades, or whether they reflect a 
genuine upward trend in incidence. . 

Carcinoma of the cardia has several features that differ from 
more distally located cancers of the stomach. If it can be 
convincingly established that the incidence of cancer at the 
cardia is really increasing, this would strengthen the view that 
it is a neoplastic entity separate from carcinoma at more distal 
parts of the stomach. 

The aim of this nationwide study was to describe trends in 
the incidence of tumours of the gastric cardia in Sweden over 
the 16-year period from 1970 to 1985. 


Patients and methods 


The Cancer Registry 


Nationwide cancer registration started in Sweden in 1958 and since 
1970 cancer of the gastric cardia has had its own code number (ICD-8 
code 151.01), distinguishing it from stomach cancer at other sites. 
Physicians are required to report all cases of newly diagnosed cancer 
to the Cancer Registry at the National Board of Health and Welfare. 
Pathologists and cytologists must also notify the Registry about every 
case of cancer that is diagnosed by means of surgically removed tissue, 
biopsy, cytological specimen or autopsy. In the majority of cases the 
Registry thus receives two reports; cases identified by death certificates 
alone are not included in the register. A more extensive description of 
the Swedish Cancer Registry is given elsewhere”®. 

The deficit in the register was estimated in the 1970s to be 4-5 per cent 
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and to be referable mainly to patients older than 75 years and to those 
with malignant disease of the haematopoietic system?'. The 
completeness of the register is now considered to be close to 100 per cent 
of all diagnosed cases?°. 

For this study all subjects in the register identified as having cancer 
of the gastric cardia in the period from 1970 to 1985 were selected. 


Statistical analysis 
To avoid the influence of a changing age distribution during the study 
period, direct standardization was used to calculate age-standardized 
incidence rates. The Swedish census of 1970 was used as the reference??. 
Time trends for age-stdndardized rates were estimated by the linear 
regression model Y = e*t®*, where Y is the estimated annual age- 
standardized incidence per 10°, x is the calender year minus the 
mid-point of the period, a = (Zlny)/n and b = [Ex(In y ~ a)]/Ex?; 
y is the incidence for each year. This model assumes that the incidence 
trend during a specific period can be described in terms of a mean 
annual percentage change?>. Confidence intervals for b are given for 
the 95 per cent level according to Student’s t distribution with 2 df. 
Comparisons between geographical regions were made using the 
method of indirect standardization to calculate the standardized 
incidence ratio as a measure of relative risk?*. Confidence intervals at 
the 95 per cent level were calculated on the assumption that the observed 
number of cases followed a Poisson distribution. 


Results 


In a total of 31 148 cases of gastric carcinoma, 1995 patients 
with cancer of the cardia were found: 1514 men and 481 women. 
In 1970-1971, 88-5 per cent of the cases were verified by 
histological analysis; in 1984—1985 this had risen to 97:3 per 
cent. Some 6-0 per cent were diagnosed radiologically or by 
other clinical means without histological confirmation in 
1970-1971 and 2-1 per cent in 1984-1985. Most of the 
remaining cases were diagnosed at operation without 
histological confirmation. In 1970-1971, 2-7 per cent of all 
cases were first diagnosed at autopsy. The corresponding figures 
in 1976-1977 and 1984-1985 were 9-1 and 48 per cent 
respectively. The mean annual number of cases diagnosed 
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Table 1 Age-standardized incidence per 10° population, sex ratio and number of patients with cancer of the cardia in Sweden from 1970 to 1985, 


according to age at diagnosis, sex and period of diagnosis 











Ago-standardized inadence 
1970-1973 1974-1977 1978-1981 . 1982-1985 1970—1985 
Sex ratio Sex ratio Sex ratio Sex ratio Sex ratio 
M F (M:F) M F (M:F) M F (M:F) M F (M'F) (M:F) 
Age at diagnosis 
(years) 
<50 O1 (14) <@1 (2) — 0-1 (9) <01 (6) = 02 (21) <01 (2) — 0-2 (23) <1 (5) _ 70 
50-59 1-5 (30) 03 (7) 50 2:5 (50) 0-6 (12) 42 3-4 (65) O8 (16) 42 36 (63) 0-8 (14) 45 43 
60-69 5-1 (87) 1325) 39 6-1 (107) 12 (23) $1 8-5 (149) 1-8 (34) 47 86 (150) 2:4 (39) 41 44 
70-79 11-7 (110) 24 (28) 49 126 (127) 3-5 (45) 36 10-3 (116) 2-1 (30) 49 15-5 (185) 3-6 (55) 43 44 
>80 105 (33) 50 (24) 2i 120 (41) 63 (35) 19 15 i (56) 45 (29) 34 190 (78) 6&6 (50) 29 26 
Total 19 (274) 05 (86) 38 22 B4) 06 (121) 3-7 2:5 (407) O6 (111) 42 30 (499) 08 (163) 38 41 


Values in parentheses are actual numbers of patients 


E 





Incidence per 107 population 
Lasd 


1975 1980 1985 


Year of diagnosis 
Figure 1 Age-standardized incidence for cancer of the cardia, including 


(----) and excluding (—~) cases first diagnosed at autopsy, in a men 
and b women in Sweden from 1970 to 1985 


incidence per 10° population 





1975 


Year of diagnosis 


1980 


Figure 2 Age-standardized incidence for cancer of the cardia in men in 
Sweden from 1970 to 1985 by age. Age: <50 years (--*--); 50—59 years 
(—+—); 60-69 years (——); 70-79 years (—~); 280 years (----) 


increased from 69 men and 22 women during the first 4-year 
period to 112 and 41 respectively during the final period. 
The relative proportion of adenocarcinoma increased from 
82-2 per cent in 1970-1971 to 94-6 per cent in 1984-1985. 
Approximately 2 per cent were squamous cell carcinoma, a 
percentage that remained unchanged throughout the period. 
The remaining lesions were unspecified or poorly differentiated 
tumours. Age-standardized incidences classified by sex and time 
of diagnosis are shown in Table 1. The age-standardized rate 
increased in men from 1-9 per 10° in 1970-1973 to 3-0 per 10° 
in 1982—1985 (58 per cent increase), corresponding to a mean 
annual increase of 2:5 per cent (95 per cent confidence interval 
(c:i.) 16-3-4 per cent). In women the age-standardized rates 
increased from 0-5 per 10° in 1970-1973 to 0-8 per 10° in 
1982-1985. This corresponds to a mean annual increase of 0-9 
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Figure 3 Relative risk of cancer of the cardia by county for a men and 
b women in Sweden, from 1970 to 1985. Relative risk ratios: (3, <0-69; 
£. 0-70-0-89; mm, 0-90-1-09; $Œ, 1:10-1:29; W, > 1-30 


per cent (95 per cent c.i. 0-0-1-8 per cent) (Figure 1). The 
age-specific incidences in men by year of diagnosis are shown 
in Figure 2. The trend was most pronounced in the age groups 
50-59 years and >80 years, with a mean (95 per cent c.i.) 
annual increase of 4-3 per cent (1:5-7-1 per cent) and 
4-5 per cent (2-5~6-6 per cent) respectively. In women the mean 
annua! increase in the age-specific incidences was 2:3 per cent 
(95 per cent c.i. 0-6—4-0 per cent) in the 60-69-years age group. 
In the other age groups the age-specific incidences were stable 
or showed a slight tendency to increase, without the rise being 
statistically significant. The male:female ratio (Table 1) 
remained fairly stable at around 4:1 throughout the study 
period. Since the incidence of stomach cancer was falling?* in 
both men and women during the same period there was a 
marked increase in cancer of the gastric cardia relative to all 
cases of stomach cancer. The relative percentages of cancer 
located at the gastric cardia increased in men from 5:1 per cent 
in 1970-1971 to 11-2 per cent.in 1984-1985 and in women 
from 2:6 to 6-1 per cent. 

The relative risk ratios were calculated for each of the 24 
counties in Sweden during 1970—1985 (Figure 3). The highest 
ratio was in the county of Malmöhus in the extreme south, at 
1-39 (95 per cent c.i. 1:20-1:60) in men and 1:46 (95 per cent 
c.i. 1:14-1:85) in women. Two counties in central Sweden 
showed relative risk ratios significantly below unity, the figures 
for men being 0-75 (95 per cent c.i. 0-58-0-96) and 0:73 
(95 per cent c.i. 0-54-0-99) respectively. 
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Discussion 

The main finding in this study is an increase in the 
age-standardized incidence of carcinoma of the gastric cardia, 
which was significant in men and less conspicuous in women. 
This corroborates previous evidence which has suggested that 
cancer of the gastric cardia may be increasing. Several 
investigators have found an increasing proportion of proximal 
gastric cancers in relation to more distal tumours of the 
gtomach**-9.16.20.25 | Since these reports have been based on 
hospital series, the finding may have reflected selection bias; 
only population-based studies may answer the question as to 
whether there is a real increase in incidence. Five such studies 
have been published hitherto; two British!®!8, one Danish** 
and one American!® study have indicated that the incidence of 
cancer of the cardia is rising, both relative to gastric cancer at 
other sites and, in two studies, in absolute rates. In one small 
population-based study from the Swiss canton of Vaud"? no 
increase in incidence was verified between 1976 and 1987. 

The main question in interpreting the present data is whether 
the increase in incidence is real or merely an effect of improved 
diagnostic accuracy or a gradual shift in classification. 
Diagnostic methods have become increasingly sophisticated 
during the study period. The introduction of fibreoptic 
endoscopy in clinical practice is reflected in the higher 
proportion of histologically confirmed cases. Moreover, there 
is a decreasing proportion of unspecified tumours. If there has 
been an increasing tendency to classify cancers located in the 
distal part of the oesophagus as carcinoma of the cardia, this 
could perhaps explain the apparent rising incidence. However, 
there are no indications of such a shift in classification; in fact, 
the incidence of adenocarcinoma of the oesophagus has also 
been increasing among men, particularly during the 1970s and 
1980s (unpublished data). Moreover, the proportion of 
squamous cell carcinomas among cancers of the cardia was not 
found to have increased in this study. Another possible 
explanation is a greater inclination among physicians to use 
the diagnosis of cancer of the cardia in proximal stomach cancer 
following the introduction of the special four-digit code for 
cancer of the’ cardia in the Swedish cancer register in 1970. 
However, the difference between the trends over time in men 
and women contradicts this assumption. Further, if a newly 
heightened awareness of the diagnosis of cancer of the cardia 
were the explanation, one might expect a sharp increase in this 
diagnosis during the first years after its introduction. However, 
the present findings were quite the opposite: the trend 
accelerated during the later part of the period under study. A 
more frequent use of endoscopy might explain the increasing 
incidence, but the faster increase in male than in female 
incidence makes this explanation less plausible. Another 
potential source of artefacts may be a change in the proportion 
of cases first diagnosed at autopsy. However, this proportion 
has remained stable, and the trend was the same even when 
these cases were excluded, as is shown clearly in Figure 1. 

There seems to be a real increase in the incidence of cancer 
of the gastric cardia in men. This finding supports the view 
that the aetiology of tumours of the gastric cardia differs from 
that of other gastric cancers. The incidence of the latter shows 
an unequivocal downward trend!*?8. 

The age-standardized incidence of cancer of the cardia 
showed a marked geographical variation (Figure 3). Areas with 
a high incidence lay in the south of Sweden, quite different from 
the geographical distribution of gastric cancer in general, which 
is highest in the north of the country?®. This observation 
provides additional evidence that carcinoma of the cardia and 
gastric cancer at other sites may have different aetiologies. 

According to Laurén?’, tumours of the intestinal type have 
previously been found in 57—81 per cent of cases of carcinoma 
of the cardia, compared with only 48-49 per cent of gastric 
cancers at other sites'!-?8-?9. Cancer of the cardia also seems 
to be associated with a lower prevalence of atrophic 
gastritis**°3!, Since the Swedish cancer register does not use 
Laurén’s classification, nor does it contain any information 
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concerning the histology of the gastric mucosa other than the 
cancer, no conclusions can be drawn from the present study 
concerning these matters. 

The Swedish Cancer Registry does not contain data on 
previous gastric operations, and so it is not possible to address 
the question of whether previous gastric surgery is associated 
with the development of cancer of the cardia. However, 
preliminary data from an ongoing register-based cohort study 
of about 7000 patients in Sweden who have undergone 
vagotomy do not show an increased risk 9-18 years after 
surgery (A. Ekbom, personal communication). 

The male:female ratio in the present study was approxi- 
mately 4:1. This finding is in line with previous reports of a 
higher male:female ratio7:1015-18.28.32 in carcinoma of the 
cardia compared with all gastric cancers, which have a 
male:female ratio?‘ of 1-9:1. In this respect cancer of the cardia 
resembles adenocarcinoma of the oesophagus, the male: female 
ratio of which is 4-4:1 (unpublished data). The higher - 
male:female ratio in cancer of the cardia has prompted 
investigators to hypothesize that the impact of smoking and 
alcohol consumption may be different in cancer of the cardia 
and gastric tumours at other sites?*. In an analysis of a clinical 
series, Kalish et al.3° suggested that there is an association 
between cancer of the cardia, smoking and alcohol consump- 
tion. In three analytical studies of risk factors, cancers of the 
gastro-oesophageal junction were analysed separately. In a 
study in the USA?‘ the use of alcohol and tobacco and a high 
consumption of beef and smoked foods were associated with 
an increased risk of cancer of the cardia, but not of gastric 
carcinoma at other sites. A Japanese study? showed that 
smoking, but not alcohol consumption, was positively 
associated with cancer of the cardia. A Chinese study?! revealed 
an increased risk associated with smoking and the consumption 
of wheat and corn, but not of alcohol. 

The accumulating evidence that cancer of the cardia is a 
disease distinct from more distally located gastric cancer implies 
that future analytical studies of gastric carcinoma should take 
account of the anatomical location of the tumour. Because little 
is known about the aetiology of cancer of the cardia, and 
because its incidence is increasing (at least in the USA and 
Western Europe) there is a great need for well designed 
analytical studies of this type of cancer. 
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Gastric cancer and Helicobacter 


pylori infection 


Gastric adenocarcinoma can be divided into two histopathological types: 
intestinal and diffuse. In addition to the role of environmental factors, 
an association between gastric cancer and Helicobacter pylori has been 
suggested. A retrospective study was therefore carried out among 46 


patients who had gastric cancer. As a control group, 40 patients with 


non-malignant disorders were selected (11 patients with peptic ulcer, 
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12 with chronic superficial gastritis, 17 with chronic atrophic gastritis). 
Twenty-six cancers were classified as intestinal type and 20 as diffuse 
type. H. pylori was found in 23 (88 per cent) of the intestinal type and 


11 (55 per cent) of the diffuse type (P < 0-05). Patients with the 
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Gastric cancer is one of the most important causes of death 
from malignant diseases, and has considerable geographical 
variation in incidence. According to epidemiological studies, 
the intestinal type of gastric carcinoma is common in high-risk 
areas':?, It is believed that environmental and socioeconomic 
factors play an important role in the pathogenesis of the 
intestinal type of gastric cancer. In the diffuse type, genetic 
factors and race are thought to be more important. 

The significance of chronic gastritis and intestinal metaplasia 
in the development of gastric carcinoma has been assessed**, 
but there have been few studies of the association between 
Helicobacter pylori and gastric cancer®-!°, However, epidemio- 
logical studies have shown that H. pylori has a high prevalence 
in certain areas of China and some other parts of the world 
where gastric cancer is common!!-'*, 

The aim of this study was to determine the presence of 
H. pylori infection in patients with gastric cancer and to 
investigate the relationship between H. pylori infection and the 
two types of gastric adenocarcinoma. 


Patients and methods 


Forty-six consecutive patients from different parts of Turkey were 
studied who had undergone gastrectomy for gastric cancer in the 
Oncology Hospital, Ankara, between 1986 and 1991. There were 32 
men and 14 women; the mean age was 55 (range 31-80) years. Forty 
subjects without gastric cancer were studied as a control group; these 
comprised 27 men and 13 women of mean age 54 (range 27—75) years. 

Haematoxylin and eosin stained slides of gastrectomy specimens 
from the patients with cancer and endoscopic biopsy material from the 
control group were re-evaluated. The tumours were classified according 
to Laurén into two types: intestinal and diffuse! 3. Two new slides were 
prepared for each patient from the uninvaded tissue surrounding the 
tumour. These were observed under 1000 x immersion magnification 
after staining with haematoxylin and eosin to identify H. pylori. The 
slides in which H. pylori were not detected were restained with Giemsa 
stain and re-evaluated for the presence of bacteria. 

yz’ and Fisher's exact test were used for statistical analysis. P <0-05 
was considered significant. 


Results 


Twenty-six cancers were classified as intestinal type and 20 as 
diffuse type. Tumour localization of the patients according to 
histological type and biopsy site of the control subjects is shown 
in Table 1. 

H. pylori was present in 34 (74 per cent) of the patients, in 
23 (88 per cent) with intestinal-type and 11 (55 per cent) with 
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intestinal-type gastric cancer had a higher prevalence of H. pylori 
infection than those with gastric ulcer (55 per cent) and chronic 
superficial gastritis (50 per cent) (P < 0:05). These findings suggest 
that there is a possible association between the intestinal type of gastric 
cancer and H. pylori infection. 


Table 1 Distribution of tumour localization according to histological 
type, and biopsy site of the control subjects 





Antrum Fundus Cardia Total 





Gastric cancer type 
Intestinal 18 (69) 5 (19) 3 (12) 26 
Diffuse 9 (45) 8 (40) 3 (15) 20 
40 


Controls 19 (48) 13 (32) —-8 (20) 





Values in parentheses are percentages 
Table 2 Presence of Helicobacter pylori related to the histological 
type of gastric cancer and diagnosis in the control group 


H. pylori-positive 
cases 





Gastric cancer type 


Intestinal 23 of 26 (88) 

Diffuse 11 of 20 (55)* 
Controls 

Peptic ulcer 6 of 11 (55)* 


6 of 12 (50)* 
12 of 17 (71) 


Chronic superficial gastritis 
Chronic atrophic gastritis 


Values in parentheses are percentages. * P < 0-05 versus intestinal-type 
gastric cancer (Fisher's exact test) 


diffuse-type gastric adenocarcinoma. This difference was 
statistically significant (P < 0-05). H. pylori was present in 24 
(60 per cent) of the control subjects (Table 2). Patients with 
the intestinal type of gastric cancer had a higher rate of 
H. pylori infection than those with gastric ulcer and chronic 
superficial gastritis (P < 0-05). The difference between the 
prevalence rate of H. pylori in chronic atrophic gastritis and 
intestinal-type cancer was not statistically significant. 


Discussion 

The prevalence of H. pylori infection in the normal population 
is 50 per cent'®'’. Although there are many studies concerning 
the effect of H. pylori infection on peptic ulcer and gastritis, 
there are limited published data relating to H. pylori and gastric 
cancer'®-?3_ The present study demonstrates an association 
between infection with this bacterium and intestinal-type gastric 
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cancer. In diffuse-type cancer the H. pylori infection rate was 
similar to that seen in peptic ulcer and chronic superficial 
gastritis in the control group. Similar results were obtained 
recently by Parsonnet et al.'%. 

It is clear that, in the aetiology of the intestinal type of 
gastric cancer, high-risk areas and environmental factors play 
an important role. H. pylori infection may be a cofactor in the 
development of gastric cancer, especially of the intestinal type, 
as there is a well known direct relationship between H. pylori 
infection and chronic gastritis, which is a premalignant 
lesion. 

Bacterial infection may cause cancer by several mechanisms. 
H. pylori has urease activity that produces ammonia from urea 
secreted by the mucosa into the lumen!’. Ammonia can damage 
the Na*-K* ATPase pump by displacing adenosine 
5’-triphosphate (ATP) and causing back diffusion of H* ions. 
Because of this back diffusion, hypochloric hypoacidity occurs, 
and cell necrosis and inflammation result from the high 
intracellular H* ion concentration. During long periods of 
inflammation an increase in the secretion of endogenous and 
exogenous mutagens will cause DNA damage‘. 

These findings indicate that H. pylori infection may be a 
cofactor in the development of the intestinal-type gastric cancer. 
It is possible that treatment of H. pylori infection might play 
a role in the prevention of gastric adenocarcinoma. 
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Resection of presumed benign 
liver tumours 


The surgical treatment of benign liver tumours (focal nodular 
hyperplasia (FNH) and hepatic adenoma) remains controversial. From 
1984 to 1990, all 51 women aged below 50 years who presented with 
presumed benign liver tumours and without chronic liver disease 
underwent tumour resection. Preoperative assessment included liver 
tests, ultrasonography and dynamic computed tomography in all 
patients, plus angiography (n = 20), magnetic resonance imaging 
(n = 22) and technetium—sulphur colloid liver scintigraphy (n = 19). 
The aims of this study were to compare preoperative and final 
pathological diagnosis and determine whether surgical treatment was 
justified. Preoperative assessment suggested FNH in 18 patients and 
hepatic adenoma in 11. In 22 patients, the distinction between FNH 
and adenoma could not be determined before operation. Operative 
procedures included resection of one segment or less in 22 patients, two 
segments in 14 and three or more segments in 15. There was no 
postoperative death and no serious complication. The final diagnosis 
after pathological examination of resected specimens was FNH in 36 
patients (71 per cent), including the 18 presumed before operation to 
have FNH, hepatic adenoma in 12 (24 per cent) and malignant lesions 
in three (6 per cent): hepatocellular carcinoma (HCC) arising in normal 
liver, fibrolamellar carcinoma, and adenoma containing areas of HCC 
in one patient each. In conclusion: (1) precise preoperative diagnosis 
of benign liver tumours remains difficult despite new imaging methods; 
(2) malignant liver tumours can go unrecognized; and (3) resection of 
all these lesions can be carried out safely. Resection of presumed benign 
liver tumours should be performed in young women when a preoperative 


Professor J. Belghiti 


Benign liver tumours, including focal nodular hyperplasia 
(FNH) and hepatic adenoma, are uncommon and most often 
affect young women!. Bleeding, tumour necrosis and neoplastic 
degeneration have been reported in hepatic adenoma? *; 
resection is therefore advocated”’*. In contrast, FNH may be 
treated conservatively because it is often an incidental finding 
and there is no convincing report showing that these tumours 
can bleed or degenerate!:’. Percutaneous needle biopsy cannot 
distinguish hepatic adenoma from FNH with accuracy”. 
Although combined use of scintigraphy, computed tomography 
(CT), magnetic resonance imaging (MRI) and angiography 
can aid the therapeutic decision, the differentiation between 
these two tumours before surgery remains difficult?®!!. 

From 1984, all young women referred to this hospital for 
presumed benign liver tumours were prospectively assessed by 
imaging procedures and underwent hepatic resection. The aims 
of this study were twofold: to compare preoperative and final 
pathological diagnosis and to establish whether surgical 
treatment of these tumours is justified. 


Patients and methods 


From March 1984 to December 1990, all women aged <50 years with 
presumed benign liver tumours (ie. FNH or hepatic adenoma) 
underwent radical tumour resection. Fifty-one women having all the 
following characteristics were included in this study: (1) absence of 
chronic liver disease; (2) normal serum a-fetoprotein level; (3) one to 
three tumours detected by ultrasonography; (4) an early marked and 
transient opacification of the tumour observed on CT during the venous 
phase; and (5) no invasion of vessels demonstrated by imaging methods. 

The mean(s.d.) age of patients was 32(7) (range 18—48) years; 38 
(75 per cent) had a history of oral contraceptive use for a mean(s.d.) 


diagnosis of FNH is not firmly established. 


of 8(5) (range 1—20) years. Thirty-two women (63 per cent) complained 
of abdominal pain which was acute in six; two (4 per cent) had a 
palpable mass and 17 (33 per cent) were clinically asymptomatic. 
Asymptomatic tumours were discovered by ultrasonography in 15 cases 
and incidentally at laparotomy in two. 

Laboratory analyses including haemoglobin and fibrinogen levels, 
platelet count and liver tests (alkaline phosphatase, aminotransferases, 
bilirubin, y-glutamyl transpeptidase (GGT)) were performed before 
operation in all patients and were normal in 21 (41 per cent). Fibrinogen 
level was >400 mg/dl in 20 patients (39 per cent), while liver test 
results were abnormal in 25 (49 per cent). 

In addition to ultrasonography (UM 9; Advanced Technology 
Laboratories, Washington, USA) and CT (DRG 1; Siemens, Erlangen, 
Germany), performed routinely in all patients, MRI (2T Gyrex; Elscint, 
Haifa, Israel), angiography and technetium-—sulphur colloid liver 
scintigraphy (Gammatome II; Sophamédical, Buc-sur-Yvette, France) 
were performed in 22, 20 and 19 patients respectively. After these 
investigations, all patients were assessed and the tumour was classified 
using predefined criteria as either FNH, hepatic adenoma or 
undetermined between the two. A diagnosis of FNH was suspected if 
all the following imaging criteria were present: (1) homogeneous 
hypervascularized mass with a central scar on CT!?; (2) homogeneous 
mass isodense with adjacent liver and a hyperdense central scar on 
T2-weighted sequences at MRI*3 (Figure 1); (3) a central feeding artery 
on angiography or CT!?; and (4) a normal or increased uptake on 
technetium—sulphur colloid liver scintigraphy. Hepatic adenoma was 
suspected if there was intratumour haemorrhage or necrosis on CT or 
MRI (Figure 2). The presumed preoperative diagnosis was FNH in 18 
patients and adenoma in 11. In 22 patients no distinction between 
FNH or adenoma could be made. 

Surgical procedures included intraoperative ultrasonography to 
determine the size and location of the tumour as well as the relationship 
between the lesion and the vascular system. In all cases, resection was 
carried out with temporary hepatic inflow occlusion. Resection 
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consisted of segmentectomy or enucleation in 22 patients, bisegment- Results 
ectomy in 14 and trisegmentectomy or more in 15. 

Postoperative complications and results of liver tests 3 months after Comparison between preoperative and postoperative diagnosis 
resection were noted, Pathological examination criteria of the resected The final diagnosis was FNH in 36 patients (71 per cent}, 
specimen included final diagnosis, tumour size and the presence of hepatic adenoma in 12 (24 per cent} and malignancy in three 
necrotic areas within the lesion. Hepatic adenoma was defined as a (6 per cent), including one hepatocellular carcinoma (HCC) 


tumour consisting of liver cells only, arranged in plates two or three 
cells thick, and separated by compressed or dilated sinusoids. FNH 
was defined as a lesion composed of nodules of hepatocytes of normal 
appearance separated by fibrous septa containing abnormal vessels. 


arising in a normal liver, one fibrolamellar carcinoma and one 
adenoma containing areas of carcinoma. As shown in Table 1. 
all preoperative diagnoses of FNH were confirmed after 


proliferating bile ducts and chronic inflammatory cells?'+. Surgery; of the 11 patients with a preoperative diagnosis of 
Student’s ¢ test and y? analysis with Yates’ correction were used hepatic adenoma, nine had adenoma, two had malignant liver 
for statistical analysis. Significance was defined as P < 0-05. tumours and none had FNH. In the group in whom the 


diagnosis was undetermined between FNH and hepatic 
adenoma, 18 had FNH, three adenoma and one a fibrolamellar 
carcinoma. 


Patient characteristics 
The three patients with malignant lesions were aged from 23 
to 25 years; all had used oral contraceptives for 2-6 years. All 
three complained of abdominal pain. The fibrinogen level was 
> 400 mg/dl in all cases. Liver test results were normal in the 
patient with fibrolamellar carcinoma. In the two other patients 
with HCC, increased alkaline phosphatase and GGT levels 
were observed. 

Clinical and biochemical findings in the 48 patients with 
proven benign liver tumours are shown in Table 2. The 
prevalence of oral contraceptive use was higher in hepatic 
adenoma than FNH but the difference was not statistically 
significant. Abdominal pain was observed in 92 per cent of 
patients with adenoma and 50 per cent of those with FNH 
(P < 0-05). Acute abdominal pain, observed in six patients with 
hepatic adenoma, could have been related to haemorrhage 
within the tumour as confirmed by pathological examination. 





Figure 1 Focal nodular hyperplasia: T2-weighted axial magnetic 
resonance image showing mildly increased signal intensity of the lesion. 


Note the greatly increased signal intensity of the scar (arrow) ; 
i f : = Table 20 Clinical, biochemical and gross pathological features in 48 


patients with histologically procen benign liver tumours 








Focal nodular Hepatic 


hyperplasia adenoma 
(n= 36} {n = 12) 
Mean (range) age {years} 32 {17-48} 33 {25-42} 
Oral conceptive use* 24 (67) 11 (92) 
Symptoms* 
None 16 (44) 148) 
Abdominal pain 18 (50) HL (928 
Palpable abdominal mass 2 (6) 6 (0) 


Biochemical findings* 
Fibrinogen > 400 mg/dl 
Aminotransferases > 40 units/] 
y-glutamyl transpeptidase 

> 70 units /1 
Alkaline phosphatase > 120 units/| 0 (0) 7 (38 }t 
Pathological findings 








Single tumour* 86 Ht (92) 
Mean{s.d.) tumour size (em) CHIR) IUIAR 








Figure 2 Hepatic adenoma: T2-weighted axial magnetic resonance —— — — m 
image showing extremely heterogeneous increased signal intensity of the *Values in parentheses are percentages. +P < 0001; ¿P < G01; 
lesion SP < 0-05 


Table 1 Preoperative and final pathological diagnosis in 51 patients with presumed benign liver tumours 





Pathological diagnosis 


Preoperative Focal nodular Hepatic Hepanc 


diagnosis hyperplasia adenoma carcinoma 
Focal nodular hyperplasia 18 18 (100) 0 0 
Hepatic adenoma H 0 9 (823 ue 
Undetermined benign liver tumour 22 18 3 {ft 





Values in parentheses are percentage of patients where the presumed diagnosis was confirmed by pathological examination. *One hepatocellular 
carcinoma (HCC), one lesion with areas of HCC inside an adenoma: + fibrolamellar carcinoma 
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Figure 3 Non-fibrolamellar hepatocellular carcinoma: T2-weighted 
axial magnetic resonance image showing a heterogeneous lesion with a 
central hyperdense area of necrosis (arrows) 





Figure 4 Fibrolamellar carcinoma: T2-weighted axial magnetic 
resonance image demonstrating a well circumscribed lesion of the left 
lobe. The central area is hypodense and corresponds to fibrosis (arrow) 


A fibrinogen level >400 mg/dl was observed in eight patients 
with adenoma and six with FNH (P < 0-01). Liver test results 
were abnormal in ten patients with hepatic adenoma (83 per 
cent) and eight with FNH (22 per cent) (P < 0-001). A GGT 
level > 70 units /] was the most frequent abnormality observed. 
The alkaline phosphatase level was >120 units/] in seven 
patients with hepatic adenoma but in none with FNH 
(P < 0-001). 


Pathological findings 


The examination of non-involved liver showed the absence of 
chronic disease in all cases. Tumours were located in the right 
lobe in 36 patients (71 per cent). Six patients (12 per cent) had 
more than one tumour: two had two FNH lesions, three had 
three such tumours and one had three adenomas. The diameter 
of the tumours ranged from 2 to 18 (mean(s.d.) 7°5(3-7)) cm. 
The mean diameter for hepatic adenoma was significantly 
greater than for FNH (P < 0-05). Intratumour haemorrhage 
was noted in six cases of adenoma. 

All 36 cases of FNH and 12 of adenoma were unequivocally 
benign. One malignant tumour was a typical fibrolamellar 
carcinoma with characteristic fibrous stroma and eosinophilic 
tumour cells. One tumour was a moderately well differentiated 
trabecular HCC. The macroscopic appearance of the third 
non-benign tumour strongly suggested malignancy, with a large 
heterogeneous tumour surrounded by small nodules, The main 
tumour consisted predominantly of regular and thin hepato- 
cellular plates with no atypia, consistent with adenoma. 
However, some areas in the main tumour together with the 
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small nodules showed severe atypia with thickened plates, 
acinar arrangement and nuclear pleomorphism. The tumour 
was diagnosed as hepatic adenoma with areas of well 
differentiated trabecular HCC, although no vascular invasion 
was seen. 


Imaging techniques 

Of the 36 patients with FNH, 18 had all the predefined imaging 
criteria described above. In the 18 other cases of FNH, 
unclassified before surgery, the following features were noted: 
heterogeneous tumour in ten of 18; absence of central scar in 
14 of 18; absence of a central artery at angiography or CT in 
eight of 12; and isotope defect on technetium—sulphur colloid 
scintigraphy in 11 of 15. Of the 12 cases of hepatic adenoma, 
three patients with homogeneous tumours were not diagnosed 
before operation. For the three patients with malignant 
tumours, two with heterogeneous tumour with haemorrhage 
were clinically diagnosed as adenoma (Figure 3); the patient 
with fibrolamellar carcinoma, unclassified before surgery, had 
a central scar on MRI (Figure 4), corresponding to areas of 
fibrotic tissue in the resected specimen. 


Operative results 

There were no postoperative deaths, Minor complications 
occurred in six patients (12 per cent) including pleural effusion 
in three and an intra-abdominal fluid collection in three, all 
treated conservatively. The mean(s.d.) hospital stay was 13(4) 
(range 8-21) days. On follow-up, ranging from 6 to 72 (mean 
26) months, all patients are alive with no evidence of tumour 
recurrence. 


Discussion 
Correct analysis of reported series on the presentation and 
diagnosis of hepatic adenoma and FNH is difficult because 
preoperative evaluation is often incomplete and the pathological 
diagnosis often poorly documented in unoperated patients'*. 
In contrast, the present prospective study with complete 
pathological analysis of the specimen documented precise 
clinical, biological and imaging features of both adenoma and 
FNH. Accurate distinction between adenoma, FNH and 
malignant tumour before surgery remains difficult. A malignant 
lesion was found in three of the present patients (6 per cent). 
Hepatic adenoma and FNH are uncommon tumours, 
affecting primarily young women’. In the present series, oral 
contraceptive use was less common in women with FNH than 
in those with adenoma (67 versus 92 per cent). Such data 
confirm the strong association between oral contraceptives and 
hepatic adenoma':'®. FNH observed in women taking oral 
contraceptives reflects the high rate of young women taking 
such contraceptives in western countries. Clinical presentation 
is different for FNH and adenoma®''’. In the present series, 
FNH was often an incidental finding (44 per cent of cases), 
while women with adenoma had a higher prevalence of 
symptoms, probably caused by the greater size of the lesion 
and the 50 per cent rate of intratumour haemorrhage. 
Abnormal liver test results and a high fibrinogen level were 
observed more frequently in the present patients with hepatic 
adenoma. Biochemical changes observed in adenoma may be 
explained by the greater size of the lesion and by intratumour 
haemorrhage. A rise in alkaline phosphatase level was observed 
in the present series only in patients with adenoma or malignant 
tumours and in no case of FNH. Thus, the authors advise 
against a conservative approach in presumed benign liver 
tumours associated with these biochemical abnormalities. 
Advances in imaging techniques might improve preoperative 
diagnosis. Ultrasonography is non-specific for tumour 
differentiation, as all echostructural patterns can be observed 
in both FNH and adenoma'”. CT permits an accurate diagnosis 
in typical cases, showing a homogeneous enhancement with a 
central scar in FNH and a hyperdense mass with heterogeneous 
enhancement in adenoma'*'®. However, as observed in other 
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studies, typical features on CT were found in only 50 per cent 
of patients with FNH and 75 per cent of those with hepatic 
adenoma!?. This study confirms the accuracy of MRI for FNH 
in half of the cases when there is a homogeneous signal intensity 
on Ti- and a hyperintense central scar on T2-weighted 
sequences'+19, In the case’ of hepatic adenoma with 
haemorrhage, MRI shows the signal characteristics of blood?°. 
Finally, as shown by the results of this study, differentiation 
between adenoma and malignant lesions remains difficult with 
imaging procedures. At angiography, only one-third of FNH 
lesions had the typical central artery. On technetium—sulphur 
colloid liver scintigraphy, all patients with normal uptake had 
FNH. However, recent data demonstrate the lack of specificity 
of liver scintigraphy, with normal uptake also observed in 
one-quarter of hepatic adenomas?!. 

Percutaneous ultrasonographically or CT-guided liver 
biopsy is recommended by some authors’”. In the present study, 
preoperative biopsy was not performed because the inter- 
pretation of the biopsy specimen is hard in the presence 
of intratumour haemorrhage, the differentiation between 
adenoma and well differentiated HCC remains difficult, and 
the risk of bleeding in these hypervascular tumours is high’. 

' This study demonstrates that with accurate imaging 
techniques 50 per cent of cases of FNH can be correctly 
diagnosed before operation. There is no evidence that FNH 
lesions can bleed or undergo malignant transformation':'7. 
Thus, management of this condition requires a flexible 
approach: patients with asymptomatic lesions can be monitored 
with repeated ultrasonography and undergo resection only if 
symptoms appear and/or if the tumour enlarges. Although a 
few cases of regression of hepatic adenoma after discontinuation 
of oral contraception have been reported??-?5, the authors 
advocate excision of all presumed adenomas irrespective of 
signs and symptoms because conservative treatment could lead 
to overlooking a malignant tumour, as in one patient in the 
present series, and because malignant transformation of hepatic 
adenoma has been reported'-*+*?*, The high incidence of 
intratumour haemorrhage, which was observed in 50 per cent 
of the present cases, and the risk of intraperitoneal rupture are 
further arguments for resection®. In the patients in this series 
with undetermined tumours, final results after resection 
indicated FNH in 82 per cent of cases, reflecting the higher 
prevalence of this tumour. However, in the other patients with 
undetermined tumours presumed benign, not only was hepatic 
adenoma found, but also fibrolamellar carcinoma. This tumour 
affects young patients without underlying liver disease and with 
normal a-fetoprotein levels**. The clinical and biochemical 
characteristics of fibrolamellar carcinoma are non-specific but 
the radiating appearances of tumour on imaging can mimic 
FNH!!. Thus, all patients with undetermined presumed benign 
liver lesions should be operated on and are best treated by 
surgical excision. In some cases, should the location of the 
tumour make resection hazardous, a large surgical biopsy can 
be performed to avoid the risk of resection for FNH. 

In conclusion, when preoperative diagnosis of FNH in 
young women cannot be firmly established, surgical excision 
of presumed benign liver tumours is recommended. This can 
be done safely in a specialized surgical unit. 
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Clinical trial of tamoxifen in 
patients with irresectable 
pancreatic adenocarcinoma 


Oestrogen-binding sites are present in tissue samples of adenocarcinoma 
of the pancreas. Uncontrolled studies have suggested that survival of 
patients with this tumour may be extended by using the antioestrogen 
drug tamoxifen. Forty-four patients with biopsy-proven irresectable 
adenocarcinoma of the pancreas ‘were recruited into a randomized 
placebo-controlled clinical trial of tamoxifen 20 mg twice daily. All 
patients were assessed at the time of diagnosis and at monthly intervals 
using the Karnofsky and the Hospital Anxiety and Depression scores 
for quality of life. Analysis of survival by life-tables and the log rank 
test revealed no significant difference in the duration of survival of 
patients treated with tamoxifen or placebo. Quality-of-life assessment 
revealed no significant difference between the groups. Tamoxifen does 
not confer significant benefit to patients with irresectable pancreatic 


Mr O. M. Taylor cancer. 


Adenocarcinoma of the exocrine pancreas is a distressing 
disease that is rarely cured. The majority of patients with this 
tumour are unsuitable for potentially curative surgical 
resection. Chemotherapy and radiotherapy do not offer 
significant benefit to patients with irresectable tumours!+?; 
combination therapy may have greater potential?. Survival is 
usually measured in months and jaundice, cachexia, anorexia 
and abdominal pain occur before death*. 

High-affinity oestrogen-binding sites in the pancreas of rats 
and in samples of human pancreatic adenocarcinoma suggest 
that pancreatic tumours might be susceptible to hormonal 
manipulation®*. Two non-randomized studies of the oestrogen 
receptor antagonist tamoxifen in patients with irresectable 
cancer of the pancreas®:!° have demonstrated a longer than 
expected survival in treated patients. A study of 14 patients 
from Birmingham, UK*!, however, used repeated computed 
tomography to assess disease progress and detected no response 
to treatment with tamoxifen. 

A randomized controlled clinical trial was carried out to 
determine the influence of tamoxifen on the duration of survival 
and quality of life in patients with biopsy-proven irresectable 
cancer of the exocrine pancreas. 


Patients and methods 


Patients were recruited from the Yorkshire region, with a population 
of about 3-5 million and over 400 patients with pancreatic cancer 
registered annually!?. The trial was managed and conducted by a 
coordinator who assessed, randomized and reviewed patients and 
completed all the documentation. Participating clinicians informed the 
coordinator of potentially eligible patients and arranged for biopsy to 
establish the diagnosis. 

The study was designed as a prospective double-blind placebo- 
controlled trial with random allocation of either tamoxifen 20 mg twice 
daily or a similar dosage of an inert identical placebo tablet. 


Running the trial 

Abdominal ultrasonography and laparotomy were routinely used to 
stage the tumour, and computed tomography and endoscopic 
retrograde cholangiopancreatography employed when available. 
Diagnosis was confirmed histologically in tissue obtained by wedge or 
transduodenal needle biopsy at laparotomy, ultrasound-guided 
percutaneous needle biopsy or aspiration cytology. When possible, 
biopsy material was stored in liquid nitrogen for eventual oestrogen 
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receptor analysis using a commercial kit (Abbott ER-ICA Monoclonal; 
Abbott Laboratories, Wokingham, UK). 

At the first visit, each patient was interviewed and invited to 
complete a Hospital Anxiety and Depression (HAD) questionnaire’?, 
and the Karnofsky index'* was calculated. These two scores were used 
as a measure of quality of life. 

All randomized patients were followed at monthly intervals in the 
outpatient clinic of the local hospital by the coordinator. Assessment of 
the progress of disease was made by enquiry into symptoms, brief 
clinical examination, and HAD and Karnofsky scores, Follow-up 
continued for up to 18 months or until the patient died. The date of 
death was confirmed through the statistics of the Family Practitioner 
Committee or the Yorkshire Cancer Registry. 

Eligibility criteria for randomization were as follows: 


. Histologically confirmed pancreatic adenocarcinoma. 

Irresectable tumour. 

. Age 40-85 years. 

. Karnofsky score > 50. 

. No other previous or current malignant tumour other than basal 
cell carcinoma of the skin or in situ carcinoma of the cervix. 

. No previous treatment with tamoxifen or any other antioestrogen 

therapy. 


Ww tm Whe 
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The requirement for a Karnofsky score > 50 was included to prevent 
the randomization of patients who were so debilitated by the disease 
that survival would be very short. 

Approval was obtained from the ethical committee of each 
participating hospital and informed consent given by all patients. 


Statistical methods 

Survival data were analysed using life-tables and the treatment arms 
compared using the log rank test. Quality-of-life scores were compared 
using the method of summary measures!*, which allowed a comparison 
of the overall change or trend (deterioration or improvement) of each 
treatment arm. Scores were compared separately at each monthly 
review using the Mann—Whitney U test. 


Results 


Between January 1987 and September 1988, 27 consultants in 
14 hospitals informed the coordinator of 102 patients with 
probable pancreatic carcinoma. Biopsy was performed in 82 
patients and confirmed this diagnosis in 59. Of the remaining 
23 patients, an alternative diagnosis was revealed in 11 (chronic 
pancreatitis in three, gastric carcinoma in two, lymphoma in 
two, cholangiocarcinoma in two, tumour of the sphincter of 
Oddi in one, neuroendocrine tumour in one). Ten patients 
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Table 1 Characteristics of randomized patients and quality of life at 
initial assessment 








Tamoxifen Placebo 

(n = 22) (n = 22) 
Age (years )* 64 (48-83) 65 (40-81) 
F 8 13t 
M 14 of 
Karnofsky score* 70 (50-90) 70 (50-90) 
Anxiety score* 5 (1-14) 6 (1-20) 
Depression score* 5 (1-11) 5 (1-15) 





*Values are median (range); P >0-05 (Mann-Whitney U test). 
tP > 0-05 (x? test) 


Table 2 Clinical features of randomized patients 








Tamoxifen Placebo 
(n = 22) (n = 22) 
Operation 
None 4 4 
Laparotomy only 3 5 
Bypass procedure 14 11 
Partial resection 1 2 
Tumour stage* 
T, 1 2 
Tı 5 5 
T; 15 15 
T, 1 0 
Metastases 9 8 
Histological grade ` 
Well differentiated 4 3 
Moderately differentiated 8 7 
Poorly differentiated 4 7 
Not specified 6 5 


*T,, tumour limited to pancreas; T}, extension limited to duodenum, 
bile duct or stomach; T,, further direct extension; T,, not assessable 


underwent biopsies that were equivocal, and in two patients 
attempts at biopsy failed. 

Twenty patients did not undergo biopsy. The surgeon 
considered it unnecessary to confirm the diagnosis in 13 who 
were excluded from the trial. In five other patients an alternative 
diagnosis became evident without the need for biopsy. In a 
further two patients biopsy was not performed because it was 
considered too hazardous or because the patient was thought 
to be too ill. No patient developed a serious complication 
attributable to biopsy. 

In 25 patients, biopsy material was collected for oestrogen 
receptor analysis. No tumour exhibited even low levels of the 
specific receptor identified by the monoclonal antibody supplied 
in the ER-ICA kit. 

Only patients with a histologically confirmed diagnosis of 
adenocarcinoma .of the pancreas were considered for 
randomization. In all, 44 were randomized (including one 
patient subsequently found to have a lymphoma). Of the 
remaining 16 patients, six had a Karnofsky score < 50, in four 
cases the clinician wished the patient to be treated with 
tamoxifen (precluding randomization), three patients under- 
went a potentially curative resection and were thus ineligible, 
and one patient declined randomization. The remaining two 
patients were seen at the beginning of recruitment and could 
not be randomized because of the lack of trial medication at 
that time, but are included for completeness. 

Of the 44 randomized patients, five withdrew from the trial 
but were included in the final analysis (three were allocated 
tamoxifen and two placebo). Two of the withdrawals, both 
receiving tamoxifen, stopped taking medication within 14 days 
because of nausea. One patient changed a decision to participate 
after randomization. One patient suffered a fatal haemorrhage 
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Figure 1 Life-table analysis of patients treated with tamoxifen (o) or 
placebo (e). 9 and ø, censored results. P = 0-3 (log rank test) 


from the pancreas before the allocated medication was started. 
The fifth was withdrawn because of a change in diagnosis. 

Twenty-two patients received tamoxifen and the same 
number placebo. The median age and Karnofsky and HAD 
scores in the two groups were similar at the time of 
randomization (Table 1). Tumour node metastasis stage, 
tumour grade and the surgery performed on patients in the two 
groups were also similar (Table 2). 

The duration of survival was calculated as the time from 
the day of randomization to death or to the last follow-up visit 
if death had not occurred (censored results). The survival data 
are plotted using life-tables and compared by the log rank test 
(Figure 1). The calculated median survival time of patients in 
the placebo group was 131 (interquartile range 48--156) days 
and that of patients in the tamoxifen-treated group 75 
(interquartile range 32-139) days. There was no statistically 
significant difference between the two life-tables (P = 0-3, log 
rank test). Calculation of the survival difference at 90 days 
produced an estimated increased survival proportion in the 
tamoxifen-treated group of —22 per cent (95 per cent 
confidence interval —53 to 8-6 per cent). 

The median scores of quality of life in the two groups were 
compared at each monthly review and no significant difference 
was found at any time. A more representative comparison of 
individual longitudinal data is difficult, but the method of 
summary measures described by Matthews et al.‘* is a valid 
technique. Using this method, the rate of change in 
quality-of-life scores during the trial for each patient was 
calculated by linear regression analysis. These summary 
measures were then compared by the Mann-Whitney U test 
and again no statistically significant difference was apparent. 


Discussion 
Carcinoma of the pancreas is a common condition in the UK 
(approximately 100 cases per million population annually). 
Trials of treatment have often included relatively few 
patients®*. This trial was designed to minimize disruption to 
patient and participating clinician, with the coordinator 
performing all administrative and clinical duties. Only 44 
patients were randomized during the 2 years of the trial despite 
102 patient referrals. The recruitment rate (43 per cent) was 
not unusually low for a clinical trial of this type!®. 

The rate of biopsy was relatively high for the region. Only 
16 per cent of cases registered in the regional cancer registry 
in 1983 as pancreatic carcinoma were histologically confirmed, 
compared with 70 per cent in this study. No significant 
complications attributable to biopsy were encountered, and the 
clinical diagnosis of adenocarcinoma was changed as a result 
of biopsy in 11 cases. The use of biopsy is to be encouraged. - 
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It is regrettable that a relatively small number of patients 
were randomized. This is reflected in the wide 95 per cent 
confidence interval for the calculated survival difference at 90 
days. This does indicate, however, that a survival advantage 
due to tamoxifen greater than 9 per cent at 90 days was unlikely 
(P < 0-05). In view of the enormous difficulty in recruitment 
of patients and running of the study, continuation did not seem 
justified. 

The negative result of this study is supported by a recent 
report from Norway?’, in which 176 patients were randomized 
to receive tamoxifen or placebo. No statistically significant 
difference in duration of survival was found, but quality-of-life 
assessments and oestrogen receptor assays were not performed. 

The combination of an assessment of the capacity to perform 
everyday activities (Karnofsky score) and an assessment of 
psychological well-being (HAD score) was chosen to represent 
a measure of the quality of life. No significant difference between 
the two treatment arms was seen. 

The lack of evidence of an influence of tamoxifen on the 
natural history of pancreatic adenocarcinoma from two 
randomized studies in the light of negative oestrogen receptor 


analysis is not surprising. Despite its safety and relatively low . 


cost, tamoxifen does not have a proven role in the treatment 
of pancreatic cancer. 
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Until recently sutures used for anastomosis were examined only 
for handling qualities, tensile strength and effects on sepsis and 
anastomotic healing. A differential effect of various suture 
materials in enhancing local carcinogenesis in experimental 
colorectal cancer has now been demonstrated, although it has 
not been agreed which materials are good or bad':?; this lack 


of consensus may stem from differences in study design. - 


Nevertheless, the demonstration that suture materials might 
contribute to disease recurrence at an anastomosis is important. 

Anastomotic recurrence is also frequently seen in patients 
with Crohn’s disease. Rutgeerts et al.* showed that within 1 
year of right hemicolectomy for this disease there was 
endoscopically proven anastomotic recurrence in > 70 per cent 
of patients. In large bowel Crohn’s disease, colectomy with 
ileorectal anastomosis carries a 60 per cent chance of further 
surgery for recurrent disease by 20 years, whereas procto- 
colectomy with an end ileostomy and no anastomosis carries 
only a 20 per cent risk*. The presence of an anastomosis seems 
to predispose to recurrent Crohn’s disease. 

One of the cell types fundamentally involved in the mucosal 
immunology of the gastrointestinal tract is the macrophage’; 
this cell has an established position in Crohn’s disease® and 
may play a role in carcinogenesis’. The in vitro effect of a range 
of suture materials on macrophage function in both a rodent 
mode] and humans undergoing intestinal resection was 
therefore examined. 


Patients and methods 


Macrophages were obtained from the rat peritoneal cavity and human 
intestinal mucosa. During the isolation procedures only plastic tubes 
and culture bottles were used because these cells adhere readily to glass 
and may become activated, Functional studies were then performed 
and the effect of suture materials on macrophage functions assessed. 


Cell procurement 


Rat. Seven healthy male rats were killed. The abdomen was 
immediately swabbed with alcohol and the skin incised and retracted 
to expose the abdominal wall. Cold Hanks’ balanced salt solution 
(15 ml) was injected rapidly into the peritoneal cavity via the anterior 
midline. After gently massaging the abdomen for several minutes the 
peritoneal cavity was opened through a midline incision. The gut was 
retracted and the peritoneal fluid aspirated from the paracolic gutters 
and pelvis with a syringe. This fluid was transferred to a sterile centrifuge 
tube and stored on ice; 0-5 ml of this suspension was removed and the 
number of cells present in this sample counted using a haemocytometer. 
At this stage a viability test was performed using the trypan blue 
exclusion technique. The original cell suspension was then centrifuged 
at 170g for 10 min at 4°C. The supernatant was discarded and the 
pellet of macrophages resuspended in RPMI with antibiotics. The 
washing step was repeated and the macrophages resuspended in 
suture-primed medium. 


_ Human. Intestinal macrophages were obtained by mucosal 
enzymatic digestion using an established method®. Six patients 
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Crohn's disease 


After surgical excision of bowel, Crohn’s disease is likely to recur around 
the anastomosis. It is suggested that this may indicate a biological effect 
of suture materials on gastrointestinal immunology. To investigate this, 
the influence of six suture materials on the function of macrophages 
obtained from the rat peritoneal cavity and human intestinal mucosa 
was assessed. All materials significantly impaired macrophage function. 


undergoing intestinal resection at St Mark’s Hospital were studied. 
Immediately after resection, the specimen was opened and washed. A 
full-thickness strip of bowel wall up to 5 x 2 cm in area was removed, 
usually along the edge of the specimen, and placed in ice-cold RPMI 
1640 tissue culture medium containing 20 mmol/l Hepes, 24 mmol/l 
sodium bicarbonate, 100 units/ml penicillin, 0-1 mg/ml streptomycin, 
80 ug/ml gentamicin and 2 ug/ml Fungizone (Squibb, Hounslow, 
UK). The isolation procedures described below were initiated within 
60 (usually 30) min of resection. 

Using sterile technique the intestinal mucosa was dissected free from 
the muscularis mucosae, washed several times in calcium- and 
magnesium-free Hanks’ balanced salt solution (CMF-HBSS) and cut 
into small fragments. These were washed thoroughly and incubated in 
ethylenediamine tetra-acetic acid (EDTA) to remove the epithelial cells 
from the lamina propria. The EDTA incubation was repeated twice 
with extensive washing in CMF-HBSS between each incubation 
period. The fragments of exposed lamina propria were then incubated 
overnight at 37°C in an atmosphere of 5 per cent carbon dioxide in 
air, with continuous shaking, in RPMI 1640 containing 10 per cent 
fetal calf serum, 20mg per 100ml collagenase (from Clostridium 
histolyticum; Boehringer Mannheim, Lewes, UK or Sigma Chemicals, 
Poole, UK) and 1000 units DNAse. The incubate was filtered through 
a 100-um nylon mesh (Gallenkamp, Loughborough, UK) to remove 
undigested tissue and the cells then centrifuged at 400g for 15 min at 
room temperature. The pellet obtained was resuspended in 5 ml RPMI 
1640. 

Mononuclear cells were obtained by density-gradient centrifugation 
on Histopaque-1077 (Sigma). Viability was assessed at this stage using 
trypan blue exclusion; immunoperoxidase staining of a cytospin 
preparation with the monoclonal antibody EBM11 (Dakopatts, 
Glostrup, Denmark) was used to calculate the proportion of 
macrophages in the suspension. 


Preparation of suture-primed medium 

The suture materials studied were Ethilon (nylon), Mersilk (silk), 
chromic catgut, steel wire, coated Vicryl (polyglactin 910) and PDS 
(polydioxanone) (all Ethicon, Edinburgh, UK). A single length of 5/0 
suture material was allowed to dry, placed in 15m] RPMI with 
antibiotics and then incubated with agitation for 48h at 37°C. The 
suture material was then removed and the pH of the fluid measured. The 
tissue culture fluid was stored at 4°C until required, usually within 
24h. Control medium was prepared in the same way without the 
addition of suture material. 


Assays of adherence and phagocytosis 

A monolayer of adherent macrophages was created by pipetting 2 ml- 
cell suspension (macrophages in suture-primed or control medium) 
into a Leighton tube containing a Leighton cover-slip. For the 
adherence assay, the cover-slip was removed after incubation in 
5 per cent carbon dioxide at 37°C for 2h, non-adherent cells washed 
away and adherent cells fixed, stained and counted. For the assay of 
phagocytosis, after the 2-h incubation period zymosan was added to 
the tube which was returned to the incubator for 1 h. Excess zymosan 
and non-adherent cells were then washed away and the adherent cells 
fixed, stained and counted. Cells containing two or more particles of 
zymosan were counted as positive, while those containing one particle 
or none were regarded as negative. The ratio of positive cells to total 
cell number was then expressed as the phagocytic index. 
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Table 1 Suture material and adherence in rats 





No. of adherent cells 





Experiment no. 
























































Mean 
Suture material 1 2 3 6 7 8 9 (%) 
Control 655 (100) 1223 (100) 512 (100) 199 (100) 1191 (100) 127 (100) 606 (100) 100 
Nylon (Ethilon) 518 (79-1) 675 (55-2) 308 (60-1) 114 (57-3) 485 (40-7) 110 (86-6) 73 (12-0) 550* 
Polyglactin 910 (Vicryl) 314 (47-9) 872 (71:3) 84 (42-2) 590 (49-5) 126 (99-2) 221 (36-5) 57-7* 
Polydioxanone (PDS) 375 (57:3) 516 (42:2) 298 (58-1) 423 (35:5) 102 (80-3) 209 (34°5) 51-3* 
Silk 380 (58-0) 120 (9-8) 154 (77-4) 669 (56-2) 81 (63-8) 459 (75:7) 56-7* 
` Catgut 123 (18-8) 291 (23:8) 72 (14-1) 89 (44-7) 414 (348) 139 (22:9) 26:5* 
Steel 71 (10-8) 157 (12:8) 285 (55:6) 768 (64-5) 99-5 (78-3) 519 (85-6) 51-4* 
Values in parentheses are percentages of control value. *P < 0-05 versus control (Mann-Whitney U test) 
Table 2 Suture material and lactic dehydrogenase leakage in rats 
Lactic dehydrogenase absorbance (arbitrary units) 
Experiment no. 
Mean 
Suture material 1 2 3 4 5 6 7 . (%) 
Control 39 (100) 37 (100) 20 (100) 32 (100) 17 (100) 86 (100) 15 (100) 100 
Nylon (Ethilon) 28 (72) 32 (86) 13 (65) 20 (62) 17 (100) 71 (83) 16 (107) 82:1* 
Polyglactin 910 (Vicryl) 19 (49) 24 (75) 15 (88) 89 (103) 4 (27) 69-1 
Polydioxanone (PDS) 18 (46) 43 (116) 20 (100) 68 (212) 19 (112) 96 (112) 15 (100) 113-9 
Silk 15 (38) 42 (114) 67 (209) 14 (82) 13 (87) 106-6 
Catgut 15 (38) 19 (95) 19 (112) 89 (103) 10 (67) 84-0 
Steel 14 (36) 87 (235) 21 (105) 18 (106) 11 (73) 112-1 
Values in parentheses are percentages of control value. * P < 0-05 versus control (Mann-Whitney U test) 
Table 3 Suture material and lysozyme secretion in rats 
Lysozyme secretion (arbitrary units) 
Experiment no. 
: Mean 
Suture material 1 2 3 4 5 (%) 
Control 56-7 (100) 66-9 (100) 32-0 (100) 12-0 (100) 30-0 (100) 100 
Nylon (Ethilon) 33-3 (58-8) 46-9 (70-1) 30-0 (93-8) 9-0 (75-0) 31-0 (103-3) 80-2 
Polyglactin 910 (Vicryl) 41-3 (72-8) 48-0 (150) 5:5 (45-8) 58-0 (193-3) 115-0 
Polydioxanone (PDS) 53-0 (93-5) 51-3 (76-7) 37-0 (115-6) 7:8 (64-6) 31-0 (103-3) 90:7 
Silk 46:6 (82:2) 27:5 (85-9) 4:5 (37-5) 28-0 (93-3) 74-7" 
Catgut 48-3 (85:2) 45-8 (68:5) 65 (54:2) 22-0 (73:3) 70-3* 
Steel 35-0 (61-7) 47-5 (710) 8:3 (69-2) 67:3 
Values in parentheses are percentages of contro! value. * P < 0-05 versus control (Mann-Whitney U test) 
Table 4 Suture material and phagocytosis in rats 
Phagocytic index 
Experiment no. 
: Mean 
Suture material 1 2 3 4 5 (%) 
Control 66-4 (100) 59-0 (100) 59-5 (100) 22:5 (100) 27-0 (100) 100 
- Nylon (Ethilon) 65-4 (98-5) 47:7 (809) 60-1 (100-9) 23-0 (102-2) 34-0 (125-9) 101-7 
Polyglactin 910 (Vicryl) 55-6 (83-8) 40-2 (68:2) 59-2 (99-5) 18-5 (82-2) 26-0 (96-3) 86-0 
Polydioxanone (PDS) 55-3 (83-3) 40-0 (67:8) 48-3 (81-1) 13-5 (60-0) 29-0 (107-4) 80-0 
Silk 40-0 (60-3) 41-1 (69-7) 57-1 (95-9) 15:5 (68-9) 33-0 (122-2) 83-4 
Catgut 62:8 (94-6) 46-2 (78-3) 63-5 (106-7) 20-5 (91-1) 24-0 (88-9) 91-9 
Steel 36:3 (54-6) 36:3 (61-6) 61-0 (102:5) 19-0 (84-4) 34:0 (125-9) 85-8 


ni i a UU 
Values in parentheses are percentages of- control value 
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Assay of secretory activity 

Lysozyme was chosen as the secretory product to be measured; 2 ml 
cell suspension (macrophages in suture-primed or control medium) 
was placed in a sterile test tube which was then incubated in 5 per cent 
carbon dioxide at 37°C for 48h. The lysozyme content of the 
supernatant was measured spectrophotometrically at 450 nm using 
established techniques’. 


Assessment of cell damage 

The degree of cell damage was assessed by measuring the amount of 
lactic dehydrogenase (LDH) in the medium after incubating 2 ml cell 
suspension in a sterile test tube in 5 per cent carbon dioxide at 37°C 
for 48 h. In the presence of reduced nicotinamide adenine dinucleotide 
(NADH), LDH reduces pyruvic acid, resulting in the oxidation of 
NADH. The rate of oxidation of NADH is measured spectrophoto- 
metrically at 340 nm and is proportional to the activity of LDH in the 
specimen. 


‘Table 5 Suture material and macrophage function in rats 








LDH Lysozyme 
Suture Adherence leakage secretion Phagocytosis 
material (n = 6) (n=7)  (n=7) (n= 5) 
_ Control 100 100 100 100 
Nylon 55-0* 82-1* 80-2 101-7 
(Ethilon) f 
Polyglactin 910 = 57-7" 69-1 1150 86-0 
(Vicryl) 
Polydioxanone  513* 1139 90-7 80-0 
(PDS) z i 
Silk 56:7* 106-6 74-7* 83-4 
Catgut 26-5* 84-0 710-3* 91-9 
Steel 51-4* 112-1 67:3 85-8 





Values are mean percentages of contro]. LDH, lactic dehydrogenase. 
*P < 0-05 versus control (Mann-Whitney U test) 


Table 6 Suture material and adherence in humans 
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Results 
Rat 


The proportion of macrophages in the crude peritoneal cell 
suspension varied from 60 to 70 per cent. However, this 
increased to >95 per cent by creating a monolayer of adherent 
cells before performing any functional studies. The viability of 
the macrophages was never <90 per cent and the pH of the 
suture-primed media did not differ significantly from that of 
controls. 

The results of the functional studies are shown in detail in 
Tables 1-4 and summarized in Table 5. It can be seen that all 
suture materials produced a significant reduction in adherence 
compared with controls. Cell damage in culture, as assessed by 
LDH leakage, was significantly less in medium primed with 
nylon than in control medium. Lysozyme secretion was 
significantly impaired by catgut and silk. It is possible that 
some lysozyme activity in the supernatants represents the 
release of preformed protein from damaged cells but the effect 
of suture materials on lysozyme concentrations is different from 
that on LDH leakage (a measure of cell damage) and it is, 
therefore, more likely that the changes in lysozyme level 
represent largely an alteration in active secretion. 


Humans 


Cell viability, as assessed by trypan blue exclusion, was a mean 
76 (range 70-84) per cent. The proportion of macrophages in 
the mononuclear cell suspension was similar in all groups, with 
a mean of 20 (range 18-22) per cent in the small bowel and 
18 (range 16—22) per cent in the large intestine. The functional 
studies therefore demonstrate the effect of suture materials on 
both macrophages and contaminating lymphocytes. The results 
of the functional studies are shown in detail in Tables 6-8 and 
summarized in Table 9. All materials impaired macrophage 





Adherent cells as a proportion of total no. of cells in specimen 


























Experiment no. 
Suture material 1 2 3 4 5 6 7 
Control 0:5 (100) 1-1 (100) 0-8 (100) 0-9 (100) 0-6 (100) 1:2 (100) 0-3 (100) 
Steel 0-2 (39) 0-6 (58) 0-5 (61) 0-4 (49) 0-2 (39) 1-4 (121) 0-2 (56) 
Polydioxanone (PDS) 0-5 (96) 0-7 (68) 0'8 (94) 1-0 (115) 0-4 (61) 1-0 (84) 0-3 (94) 
Polyglactin 910 (Vicryl) 0-1 (29) 0-9 (85) 0-7 (85) 0-5 (56) 0:3 (52) 1-2 (100) 0:2 (63) 
Silk 0-4 (82) 1-1 (103) 08 (97) 0-7 (84) 0-3 (58) 1-1 (88) 
Catgut 08 (77) 0-6 (73) 08 (89) 0-3 (42) 1:3 (109) 0:3 (88) 
Nylon (Ethilon) 0-2 (46) 0-7 (82) 0-8 (95) 0:5 (82) 0-4 (35) 0-3 (81) 
Values in parentheses are percentages of control value 
Table 7 Suture material and lactic dehydrogenase leakage in humans 
Lactic dehydrogenase absorbance (arbitrary units) 
Experiment no. 

Suture material 1 2 3 4 5 6 7 
Control 13-2 (100) 15-7 (100) 12:7 (100) 8:5 (100) 25-0 (100) 40-7 (100) 18-8 (100) 
Steel 20-4 (155) 12:3 (78) 14-2 (112) 25-0 (100) 30-0 (74) 37-5 (199) 
Polydioxanone (PDS) 33-2 (252) 19-2 (151) 11-5 (135) 20-8 (83) 16-0 (39) 17-1 (91) 
Polyglactin 910 {Vicryl} 17-2 (130) 14-3 (91) 19-2 (151) 4-1 (48) 19-6 (78) 15-8 (84) 
Silk 10-8 (82) 16-7 (106) 20-4 (161) 14-1 (166) 25-0 (100) 47-3 (116) 11-3 (60) 
Catgut 12-8 (97) 15-7 (100) 14-7 (173) 12-1 (48) 20-0 (49) 10:8 (57) 
Nylon 11-7 (75) 20-4 (161) 18-2 (214) 5-4 (22) 78-0 (192) 22-1 (118) 
-Values in parentheses are percentages of control value 
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Table 8 Suture material and lysozyme secretion in humans 











Lysozyme secretion (arbitrary units) 











Experiment no. 
Suture material 1 2 3 4 5 6 Mean (%) 
Control 2:8 (100) 2:3 (100) 1-2 (100) 5-6 (100) 6-0 (100) 5-4 (100) 100 
Steel 0:8 (29) 1-2 (100) 0-3 (5) 2-7 (45) 0:8 (15) 39 
Polydioxanone (PDS) 1-6 (57) 10 (43) 2:7 (225) 2:6 (46) 3-3 (61) 86 
Polyglactin 910 (Vicryl) 48 (171) 1-0 (43) 1-2 (100) 3-2 (57) 9-3 (155) 2:1 (39) 94 
Silk 2:8 (100) 2:3 (100) 0-0 (0) 20 (33) 4-6 (85) 80 
Catgut 1-2 (43) 7-0 (304) 1:9 (158) 1-2 (21) 3-3 (55) 116 
Nylon (Ethilon) 20 (71) 20 (87) 5-0 (89) 67 (112) 1-7 (31) 78 


Values in parentheses are percentages of control values 


Table 9 Suture material and macrophage function in humans 








central role in membrane transport in lymphocytes and 
macrophages. In addition, it is now well established that toxic 


LDH Lysozyme metals such as lead, chromium and nickel produce disturbances 
Suture Adherence leakage secretion in a variety of macrophage functions, including phagocytosis 
material (=e) ee (=$) and enzyme secretion’. Nickel has been shown to reduce the 
Control 100 100 100 secretion of lysozyme by rabbit lung macrophages and to 
Nylon (Ethilon) 70* 130 78 produce morphological changes, although these did not appear 
Polyglactin 910 (Vicryl) 67* 97 94 to affect adherence’*. Copper and aluminium have been shown 
Polydioxanone (PDS) ——87* 125 86 to produce significant impairment of phagocyte function in 
Catgut 80* 87 116 other species?®, and it has recently been suggested that 
ae oe i i aluminium produces clinically significant immunosuppression 

tee 


Values are mean percentages of control. Phagocytosis studies were not 
performed. LDH, lactic dehydrogenase. *P < 001 versus control 
(Mann-Whitney U test) 


adherence and the difference between controls and the 
combined suture materials was significant (P < 0-01, Wilcoxon 
rank sum test); steel had the most pronounced effect on both 
lysozyme secretion and adherence. 


Discussion 

The results of the present study demonstrate that suture 
materials influence macrophage function in vitro. If the same 
were to happen im vivo, this would imply that macrophages in 
the vicinity of an anastomosis after intestinal resection for 
Crohn’s disease may influence the risk of local recurrence. This 
would be consistent with earlier studies that suggest the risk 
of recurrence is lower when granulomas and, therefore, 
macrophages are prominent in the resected specimen!®!?, 
However, other studies have not confirmed this finding!?1>; 
. one explanation for the apparent contradiction is that 
macrophage number and histological appearance may be less 
related to the development of recurrent disease than is 
macrophage function. 

Macrophages need to be healthy and capable of reaching 
the site of inflammation’* where they can engulf particulate 
matter and kill bacteria. Adherence and lysozyme secretion 
indicate preparation for action and bacterial killing; in the 
present study these two functions were the most disturbed by 
preincubation of tissue culture medium with suture materials. 
Phagocytic capacity, on the other hand (which was tested only 
with rat macrophages), seemed relatively unaffected. 

As all the materials affected adherence adversely, it is 
possible that contaminants left on the surface of the suture 
. during production or integral to their structure were 
responsible. It has been shown that particulate metals of the 
type -used in orthopaedic prostheses affect macrophage 
secretion’® and phagocytosis'®, and some of the metals used 
in the manufacture of suture materials have similar effects”. 
Trace elements such as iron and zinc are known to be vitally 
important to immune function, probably because of their 


in humans?° and can reduce the incidence of rejection after 
renal transplantation”!, 

Recurrent Crohn’s disease is more frequently seen on the 
small bowel side of an ileocolic anastomosis??—7*. Attempts to 
explain this have invoked functional obstruction at the 
anastomosis with proximal stasis (which might be circumvented 
by performing a wider side-to-side anastomosis) and reflux of 
colonic content into the neoterminal ileum?’ (which might be 
prevented by nipple-valve construction at the site of 
anastomosis). Another explanation, which would be supported 
by the present study, is that disease recurs in the mucosal 
lymphoid areas (Peyer’s patches) which are denser in the small 
bowel than in the colon. 

The involvement of mucosal macrophages in the patho- 
genesis of Crohn’s disease is well established. The possibility 
that metals may be involved in the impairment of macrophage 
function by suture materials is particularly relevant to Crohn’s 
disease because aluminium, silicon and titanium have been 
found in Peyer’s patch macrophages in the terminal ileum of 
both patients with Crohn’s disease and normal controls?°. It 
is suggested that, since aluminium?’ and titanium?® are known 
to produce granulomatous lesions in the human lung, these 
metals may be involved in the pathogenesis of Crohn’s 
disease?®, These metals and others are present in modern suture 
materials, at least during their preparation, and they may, 
therefore, be implicated in the pathogenesis of locally recurrent 
Crohn’s disease at surgical anastomoses. 
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Sphincter rupture in childbirth 


Thirty-eight women with rupture of the anal sphincter occurring during 
childbirth were followed for 3—12 months. Nineteen had complete 
rupture of the external anal sphincter, 14 had a lesion involving more 
than half of the sphincter muscle and five had a superficial rupture. 
Fourteen patients presented with continence disturbances: nine to solid 
or liquid faeces and five to flatus. Incontinence was present in nine 
women 3 months after childbirth. Anal manometry and electro- 
myography were performed in patients 3-5 days after delivery and 
repeated at 3, 6 and 12 months. Manometry and electromyography were 
also performed in 16 control subjects who were nulliparous or had given 
birth more than 2 years previously and 24 primiparous controls, who 
were investigated at 3—5 days and at 3 months. There were significant 
differences between both incontinent and continent patients compared 
with nulliparous and primiparous controls. Primiparous control subjects 
had decreased anal squeeze pressure as well as decreased electromyo- 
graphic activity on the first days after delivery compared with nulliparous 
controls. After 3 months no differences were found. Continence 
disturbances are frequent after sphincter rupture; these patients should 
be monitored after delivery and those with persisting incontinence offered 
sphincter repair. 


Perineal laceration is a frequent complication of vaginal 
delivery. Most of the lesions include only the perineal skin or 
the bulbocavernous muscle, but in 0-7 per cent of cases the 
external anal sphincter is involved and persistent symptoms 
occur at a high rate in these patients’. 

This study presents the results of a 1-year follow-up of 38 
patients with sphincter rupture occurring during childbirth. 


Patients and methods 


Thirty-eight consecutive patients of median age 26 (range 20-30) years 
with sphincter rupture during childbirth were followed at regular 
intervals for 1-year post partum. Thirty-four patients were primiparous 
and four multiparous. None of the latter had had traumatic childbirth 
before sphincter rupture. Nineteen patients had complete rupture of 
the anal sphincter, 14 had a deep partial rupture and five a superficial 
rupture only. The immediate repair of the sphincter was performed 
with 3/0 polyglycolic acid mattress sutures, the procedure being 
performed by a specialist in obstetrics. 

At 3—5 days after delivery, anal manometry and electromyography 
were performed and the examinations repeated at 3, 6 and 12 months 
post partum. Nineteen patients did not complete all examinations 
because they were operated on for incontinence or because they were 
continent and did not want further investigation. Information on 
continence 12 months after childbirth was collected by telephone 
interview in these cases. 

For comparison, 24 primiparous control subjects, median age 26 
(range 21-32) years, who delivered mature infants vaginally were 
examined 3~5 days and 3 months after delivery. No contro] subject 
had had vacuum extraction or forceps delivery. 

Sixteen women of median age 36 (range 24—49) years who were 
either nulliparous or had given birth atraumatically more than 2 years 
previously served as further controls. 

The study was approved by the ethical committee of Copenhagen 
County. 


Anal manometry 

Investigations were performed with subjects in the left lateral position 
with hips and knees flexed. Maximum resting and squeeze pressures 
were measured with a low-compliance open-ended perfused polyvinyl 
catheter connected to a pressure transducer; results were displayed on 
a chart recorder’. 
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Anal electromyography 

With subjects in the left lateral position a disposable sponge electrode 
(Dantec 13L81, Skovlunde, Denmark) was placed in the anal canal 
with the pick-up plates at 3 and 9 o’clock. The electrode was lubricated 
in gel to secure contact with the anal mucosa. The electromyographic 
(EMG) signals were recorded on a Neuromatic 2000 M/C EMG 
recorder (Dantec) with filter settings at 10 Hz to 2 kHz. A ground 
electrode was placed on the left thigh. The maximum amplitude of an 
unbroken sharp wave at rest and during a voluntary squeeze was 
measured’. 


Statistical analysis 


One-way analysis of variance was used for comparing differences 
between all groups. The two-sample t test and y? analysis were used 
for comparison between groups. 


Results 


Thirty-four of the patients were primiparous. The maternity 
unit of Glostrup Hospital had a total of 2040 vaginal deliveries 
(singletons) in 1988, of which 1036 (51 per cent) were first 
children. The 95 per cent confidence interval (c.i.}) of.the 
difference in the rate of primiparity in patients with sphincter 
rupture compared with the rate of primiparity in the year 1988 
was 29-5—49-5 per cent. ` 
In 15 patients, vacuum extraction of the infant was 
performed, compared with an overall frequency of 15-9 per cent 


Table 1 History of deliveries in patients and primiparous controls 


Patients Primiparous 
(n = 38) controls (n = 24) 





Age (years) 263 (17-5-35-1) 26-1 (18-2-34-1) 
Birth-weight (g) 3640 (2679-4602) 3559 (2426-4692) 
Gestational age (weeks) 40-4 (38-2-42:6) 39-4 (37-1-41-6) 
First stage of labour (h) 9-6 (—1-0 to 20-2) 86 (0-8-16-5) 
Second stage of labour 47-8 (—9-7 to 105-4) 38:5 (—7-4 to 84-4) 
(min ) 
Head circumference (cm) 36:0 (32:9-39-1) 35:2 (325-379) 
Values are mean (95 per cent confidence interval). None of the 
differences was significant (two-sample t test) 
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in vaginal deliveries (95 per cent c.i. of difference 7-9—39-3 
per cent). No forceps deliveries were performed. 

Mediolateral episiotomy was performed in 32 of the 38 
patients compared with six of the 24 primiparous controls 
(95 per cent c.i. of difference 38-4—80-1 per cent). The difference 
was still significant when patients with vacuum extraction were 
excluded (95 per cent c.i. of difference 24-0—73-9 per cent). No 
difference in birth-weight, gestational age, head circumference 
or the length of first or second stage of labour was found 
(Table 1). 

Fourteen women were incontinent at follow-up (nine to 
solid or liquid faeces, five to flatus). Nine patients were 
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incontinent 3 months after delivery and at 12 months five 
remained so. Seven of the patients who had had vacuum 
extraction and seven of the remaining 23 developed 
incontinence; this difference was not significant. Table 2 shows 
symptoms in relation to the degree of rupture. No difference 
was found between continent and incontinent patients 
(x? = 193, 2 d.f., P = 0-38). 

None of the control subjects had experienced faecal in- 
continence or incontinence to flatus. One-way analysis of 
variance of the manometric data and EMG findings showed a 
significant difference between incontinent patients, continent 
patients, primiparous control subjects and nulliparous control 
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Figure 1 Results of anal manometry: a resting pressure; b squeeze pressure. o, Incontinent patients (n = 11 at 6 months; n = 8 at 12 months); 
e, continent patients (n = 20 at 6 months; n = 11 at 12 months); C), primiparous control subjects. Values are mean (95 per cent confidence interval). 
EJ, Mean (95 per cent confidence interval) for nulliparous controls. *P < 0-05, tP < 0-005 versus nulliparous controls; {P < 0-05, §P < 0-005 versus 
primiparous controls; # P < 0-05 (incontinent versus continent patients); two-sample t test 
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Figure 2 Results of anal electromyography: a resting activity; b squeeze activity. o, Incontinent patients (n = 11 at 6 months; n = 8 at 12 months); 
o, continent patients (n = 20 at 6 months; n = 11 at 12 months); Q, primiparous control subjects. Values are mean (95 per cent confidence interval). 
E], Mean (95 per cent confidence interval) for nulliparous controls. *P < 0-05, {P < 0-005 versus nulliparous controls; {P < 0-05 versus primiparous 
controls; two-sample t test 
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Sphincter rupture in childbirth: M. Sorensen et al. 


Table 2 Symptoms in relation to degree of sphincter rupture 





Rupture No symptoms Incontinence 
Superficial 4 1 
Partial* 10 4 
Complete 10 9 


*More than half of the sphincter involved. y? = 193, 2 d.f., P = 0-38 


subjects (P <6 x 107° for resting and squeeze pressure; 
P < 0-002 for resting and squeeze EMG activity). The data 
were further analysed at 0, 3, 6 and 12 months. 

Primiparous controls had decreased squeeze pressure 
compared with nulliparous controls (P < 0-005) as well as 
decreased squeeze EMG activity (P < 0-005) on the first days 
after delivery. At 3 months no difference from nulliparous 
controls was found. The incontinent patients had decreased 
resting and squeeze pressures at 0, 3, 6 and 12 months compared 
with both primiparous and nulliparous controls (P < 0-05). 
Patients with sphincter rupture and preserved continence had 
decreased resting and squeeze pressures compared with 
primiparous controls (P < 0-05), whereas only squeeze pressure 
was decreased compared with nulliparous controls (P < 0-05); 
resting pressure was decreased compared with nulliparous 
controls only in the first 5 days after delivery. The manometric 
findings are shown in Figure 1. 

Anal electromyography showed only a transient difference 
between primiparous and nulliparous control subjects on the 

„first days after delivery. At 3 months no difference was found. 
In both incontinent and continent patients with sphincter 
rupture, resting anal EMG was decreased on the first days after 
childbirth when compared with nulliparous contro! subjects. 
At 3, 6 and 12 months no significant differences from either 
nulliparous or primiparous controls were found, except for 
continent patients at 6 months who had decreased activity 
compared with both control groups. During squeeze, anal 
EMG activity was decreased for both incontinent and continent 
patients with sphincter rupture at 3 and 6 months compared 
with primiparous controls. On the first days after childbirth, 
only incontinent patients had decreased activity compared with 
primiparous controls. Compared with nulliparous control 
subjects, incontinent patients had decreased activity at 0 and 
3 months, whereas continent patients had decreased activity at 
O and 6 months. At 12 months no significant differences were 
found. EMG findings are shown in Figure 2. 


Discussion 

The results of this study show that incontinence to faeces and 
flatus is frequent in women with sphincter rupture during 
childbirth. Anal sphincter rupture was more frequent in the 
primiparous women and following vacuum extraction, 
confirming previous findings'-* where anal incontinence was 
present in 32 and 40 per cent respectively. 

Episiotomy is suggested as a risk factor*:> and in the present 
study was performed more frequently in the patients than in 
the primiparous controls, supporting these suggestions. 

The manometric studies showed a marked decrease of anal 
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sphincter function at rest and. during squeeze in the first days 
after delivery both in patients with sphincter rupture and 
primiparous controls. At 3 months after delivery both 
primiparous controls and continent patients had normal resting 
pressure compared with nulliparous control subjects. Resting 
pressure was reduced in incontinent patients, suggesting 
involvement of the internal anal sphincter as well since this 
sphincter is responsible for up to 70 per cent of the resting 
pressure®. In two of five patients who had a sphincter repair, 
internal sphincter damage was demonstrated. The squeeze 
pressure was persistently reduced in patients with sphincter 
rupture and most pronounced in incontinent patients. Pudendal 
nerve damage, which is likely to have occurred in a number of 
these patients, aggravates the condition and may prevent 
spontaneous recovery’. This subject is presently being 
investigated. 

The difference in anal EMG between patients and control 
subjects was most pronounced for-the incontinent patients, but 
not to the same extent as the manometric findings. In the 
incontinent patients only a minor part of the external anal 
sphincter muscle is lost. Since surface EMG represents a 
summation of action potentials*, great alterations in the activity 
would not be expected. Mapping of the external anal sphincter 
with needle electrodes is used to demonstrate discontinuity of 
the sphincter®. In seven of eight of the incontinent patients in 
whom mapping was performed, a defect in the anterior part of 
the external anal sphincter between 10 and 2 o’clock was 
detected and would thus not interfere with the EMG recordings, 
whereas the manometric findings would be greatly affected. All 
five patients who underwent surgical repair became fully 
continent, proving that a sufficient amount of functioning anal 
sphincter muscle was still present. 

Patients with sphincter rupture resulting from childbirth 
need careful follow-up. When faecal incontinence is present 
patients should be referred for surgical repair of the sphincter. 
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colon induced by non-steroidal 
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Diaphragm-like strictures of the terminal ileum have been 
described in association with non-steroidal anti-inflammatory 
drugs (NSAIDs )'. The first description of a patient with similar 
strictures in the colon is presented. 


Case report 


A 61-year-old woman presented with a 6-month history of intermittent 
colic, weight loss, diarrhoea and vomiting related to meals. She had 
a long history of osteoarthritis of the knees and lumbar spine, and had 
been treated with slow-release indomethacin for the previous 9 years. 

On examination the patient was pale; the haemoglobin con- 
centration was 8-5 g/dl and serum albumin level 26 g/l. Gastroscopy 
revealed both gastric and duodenal ulcers. The indomethacin was 
stopped and the patient treated with omeprazole and ferrous sulphate. 
Nevertheless symptoms persisted. A barium enema showed an unusual 
series of smooth contoured strictures in the proximal ascending colon 
(Figure 1). 

At laparotomy the terminal ileum was found to be thickened and 
the ascending colon nodular; the serosa appeared unremarkable, A 
provisional diagnosis of Crohn's disease was made, and the terminal 
ileum and ascending colon were resected. Macroscopically the terminal 
ileum had a uniformly thickened wall and narrowed lumen. There were 
tight strictures with superficial ulceration both at the ileocaecal valve 
and in the ascending colon at 10cm from the valve, with a few thin 
diaphragms in the caecum (Figure 2). Microscopically the prominent 
finding at sites of constriction in both the ileum and colon and at the 
diaphragms in the caecum was thickening of the bowel wall by 
submucosal fibrosis. The muscularis mucosa and muscularis propria 
showed focal fibrous replacement; the former had focal muscular 
hyperplasia. The serosa had mild fibrous thickening. There was some 
superficial mucosal ulceration with granulation tissue at the sites of 
constriction, The intact mucosa showed a moderate excess of chronic 
inflammatory cells with scanty focal lymphoid infiltrates through the 
bowel wall. No granulomas or definite evidence of Crohn’s disease 
were seen. The lymph nodes showed follicular hyperplasia: the 
mesenteric vessels were unremarkable. 

A diagnosis of diaphragm disease caused by NSAIDs was made 
after considering descriptions of similar lesions in the ileum’. 


Discussion 


It is well recognized that NSAIDs can injure the stomach and 
duodenum. As early as 1966, caecal ulceration associated with 
indomethacin and oxyphenbutazone was reported”. Since then 
many other lower-tract complications of NSAID use have been 
described. Although colonic strictures in this setting have been 
mentioned previously*, we believe this is the first description 
in a colectomy specimen of diaphragm-like strictures as detailed 
by Lang er a/.' in the terminal ileum. The main histological 
feature is extensive submucosal fibrosis. The diaphragms, which 
resemble exaggerations of the plicae circulares, eventually 
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Figure | Barium enema showing the stricture (arrow) in the ascending 
colon 
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Figure 2 Surgical specimen showing the terminal ileum with thickened 
wall, the narrowed ileocaecal valve. diaphragms in the caecum and 


stricture in the ascending colon 


progress to broad-based strictures’. NSAIDs appear to produce 
intestinal injury by inhibiting cyclo-oxygenase, thereby 
resulting in diminished levels of prostaglandins (particularly 
prostaglandin E) locally*. 
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Errata 


Derodra JK, Reidy JF, Jourdan MH. Embolization of superior haemorrhoidal artery in the 
management of life-threatening rectal bleeding. Br J Surg 1992; 79: 704-5. 


The October 1992 issue of the Journal contained an Erratum related to details of the main 
product used in the above Case Report. The company of Ferrosan has asked the Journal to 
clarify this point further. The product Spongostan is manufactured by Ferrosan A/S of Søborg, 
Denmark, and distributed in the UK by Johnson and Johnson Medical of Ascot, UK. This 
episode underscores to all those contributing to the Journal the need to provide accurate 
product information. 


Kalra M, Beech MJ, Al-Khaffaf H, Charlesworth D. Autotransfusion in aortic surgery: the 
Haemocell System 350 cell saver. Br J Surg 1993; 80: 32-5. 


The Contents page entry for the above paper from the January 1993 issue lists the product 
in the title incorrectly. The Journal apologizes to the authors and especially to the 
manufacturers, Haemocell of Abingdon, UK. 
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Characterization of cholecystokinin 
receptors on the human gallbladder 


Yukihiko Tokunaga, MD, Kenneth L. Cox, MD, Robert 
Coleman, BS, Waldo Concepcion, MD, Paul Nakazato, 
MD, and Carlos O. Esquivel, MD, PhD, San Franasco, 
Calif. 


Background. Several studies examined in vivo and in vitro 
biologic activity of the human gallbladder in response to 
cholecystokinin (CCK). However, few studies have demon- 
strated directly the interaction of CCK with receptors on the 
human gallbladder, which 1s responsible for this biologic 
activity. 

Methods. To characterize CCK receptors on human gall- 
bladder tissue, gallbladders were removed from human donor 
grafts that were being used for liver transplantation. The 


gallbladders were rapidly frozen and sectioned for measurement 


of binding of '” I-Bolton-Hunter-labeled-CCK-8 and were cut 
into strips for in vitro bioassay. 

Results. Binding of '”I-BH-CCK-8 to human gallbladder 
was saturable, specific, and dependent on time, pH, and 
temperature. The binding was inhilited only by cholecysto- 
kinin-related peptides including CCK-8 (ICsy 10 + 1.0 nmol/L) 
(mean+SD), des(SO;)CCK-8 (ICs 0.9+0.2 ymol/L), 
and gastrin-17-I (ICsq 9.0+2.0 pmol/L) or specific CCK 
receptor antagonist L-364,718. Computer analysis of binding 
of ' -BH-CCK-8 to gallbladder tissue showed a single class of 
binding sites with high affinity for CCK-8. Autoradiography 
localized binding of "”’I-BH-CCK-8 only to the smooth muscle 
layer of the gallbladder. In the bioassay des(SO3)CCK-8 (ECs 
1.2+0.7 umol/L) and gastrin-17-I (ECsq 4.5 + 2.4 mol/L) 
were 150- and 563-fold less potent than CCK-8 (ECsq 
8.0+2.2 nmol/L). The relative potencies of CCK agonists for 
inhibiting binding of '”I-BH-CCK-8 agreed closely with their 
relative potencies for causing gallbladder contraction. The 
dose-response curve for CCK-8 alone to induce gallbladder 
contraction was not significantly different from those caused by 
CCK-8 plus 1 umol/L tetrodotoxin or 1 mol/L atropine. 
Conclusions. These results characterized the CCK receptors 
on smooth muscle of human gallbladder as sulfate dependent 
and causing gallbladder contraction. (Surcery 1993; 
113:155-62.) 


Tumor necrosis factor-@ inhibits in 
vivo collagen synthesis 


Mark C. Regan, MB, BCh, FRCSI, Stephen J. Kirk, MB, 
BCh, FRCSI, Moira Hurson, BSc, Motohide Sodeyama, 
MD, Hannah L. Wasserkrug, BA, and Adrian Barbul, 
MD, FACS, Baltimore, Md. 


In this study we sought to determine the in vivo role of tumor 
necrosis factor-a (TNF-a ) at the wound-healing site. In vivo 
abrogation of endogenous TNF-a activity in experimental 
wounds by administration of anti-murine TNF-œ rabbit 
serum resulted in a significant 77.5% increase in wound 
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collagen. deposition, as assessed by wound sponge granuloma 
hydroxyproline conient. Administration of pharmacologic 
doses of recombinani murine TNF-a into subcutaneously 
inserted polyvinyl alcohol sponges resulted in an increase in 
collagen deposition (1594+ 117 vs 1014+49 and 
1588 + 135 vs 1014+ 49 ug/100 mg sponge, for TNF-a in 
situ administration at a dose of 0.05 and 0.5 yg, respectively). 
This effect could be abolished by the simultaneous systemic 
treatment of the animals with the antiinflammatory drug 
indomethaan. The data suggest that the enhanced collagen 
deposition after TNF-a administration is a consequence of a 
nonspecific inflammatory activity thai indirectly promotes 
collagen synthesis. The data also support the hypothesis that 
endogenous wound TNF-a down-regulates collagen synthesis 
during normal wound healing. (Surcery 1993;113:173-7,) 


The role of eosinophils in 
interleukin-2/lymphokine-activated 
killer cell therapy 


Toshiyuki Isbimitsu, MD, and Motomichi Torisu, MD, 
Fukuoka, Japan 


When interleukin-2 alone or in combination with lymphokine- 
activated killer (LAK) cells is administered to patients with 
cancer, peripheral or local eosinophilia ts frequently seen. To 
evaluate the role of eosinophils in this setting, we studied the 
functional changes of human eosinophils induced by the 
supernatant of LAK cell cultures. The chemotactic activity, 
change in chemiluminescence, superoxide production, expres- 
sion of leukocyte integrins (CD11/CD18 family), and adher- 
ent activity to plastic dishes were investigated after stimulation 
of eosinophils with LAK cell culture supernatant. The 
chemotactic activity of eosinophils in the supernatant of LAK 
cell cultures was increased significantly, and this activity was 
chemotactic rather than chemokinetic by checkerboard analysis. 
Both chemiluminescence and superoxide production of stimu- 
lated eosinophils increased significantly compared with rest- 
ing. In addition, eosinophil-adherent activity to plastic dishes 
was also increased. Among leukocyte integrins, CD11b 
expression on stimulated eosinophils increased. Moreover, 
eosinophil antibody-dependent cellular cytotoxity against Raji 
cells was enhanced after stimulation with the supernatant of 
LAK cell cultures. These results suggest that the eosinophils 
activated by LAK cells may play an important role in the 
antitumor effect of interleukin-2/LAK cell therapy. (SURGERY 
1993;113:192-9.) 


Distribution of estrogen receptor in 
ductal carcinoma in situ of the breast 
B. Chaudhuri, MD, K. A. Crist, PhD, S. Mucci, MD, 


M. Malafa, MD, and P. K. Chaudhuri, MD, Toledo, 
Ohio 
Background. Long-term antiestrogen therapy has been sug- 


gested as a possible treatment alternative for ductal carcinoma 
in situ (DCIS) of the breast. However, very little information is 
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available on the distribution of estrogen receptor (ER) and 
treatment success with antiestrogen for such lesions. 
Methods. Thirty-two formalin-fixed tissue specimens of DCIS 
from 32 female patients aged 38 to 71 years were evaluated for 
the presence of ER by an immunoperoxidase technique. 
Antigenic sites for ER were exposed by treating the tissue 
sections with deoxyribonuclease followed by peroxidase-anti- 
peroxidase staining with monoclonal antibody against ER. 
Parallel negative controls were run with negative control 
monoclonal antibody and normal rat serum. The quality 
control for positive staining was performed with tissue sections 
Jrom specimens with known ER detected by the radioreceptor 
method. 

Results. Eighteen (60%) of the 32 lesions were posttive for 
ER. In 7 of the 18 lesions less than 25% of cells stained 
positive for ER and in 4 of the 18 more than 50% of cells 
stained positive for ER. 

Conclusions. The incidence of ER in DCIS ts stmilar to the 
incidence of ER in invasive carcinoma, leading to the 
speculation that ER-positive invasive carcinoma originates 
from an ER-positive precursor lesion. Because only 60 % of the 
cases have detectable ER and approximately 70% of positively 
stained ERs are expected to be functional (as in invasive 
carcinoma), it appears that approximately 42% of the patient 
population with DCIS will benefit from antiestrogen therapy. 
(Surcery 1993;113:134-7,) 


Education about death and dying 
during the clinical years of medical 
school 


William Rappaport, MD, and Donald Witzke, PhD, 
Tucson, Ariz. 


Background. Although there has been a dramatic increase in 
education about death and dying in medical school curricula, 
the physician’s interaction with terminally ill patients and 
their families still causes concern. The purpose of our study 
was to determine the impact of the third-year clerkship on 
education of medical students about death and dying. 
Methods. From August 1, 1988, to August I, 1990, a 
questionnaire concerning the care of terminally ill patients was 
distributed to all students completing the third-year clinical 
clerkship at our medical school. 

Results. One hundred and eighty questionnaires were 
distributed, of which 106 were returned, yielding a response 
rate of 59%. All students had cared for a terminally ill patient 
during their third year. Forty-four (41%) students responding 
had never been present when an attending physician talked 
with a dying patient, and 37 (35%) had never discussed with 
an attending physician how to deal with a terminally ill 
patient. During the surgical clerkship 77 (73 %) students had 
never been present when a surgeon had to tell the family of a 
patient bad news after surgery, and 90 (85%) had never been 
present when an attending surgeon had informed a family that 
their relative had died. Despite the fact that the curriculum 
addresses the stages of death and dying, almost half of the 
students could not remember these. When they were discharging 
a terminally ill patient home, one third of students could not 
identify problems that would be encountered by the family in 
caring for the patient. 

Conclusions. Fifty-seven (54%) felt that they were poorly 
equipped to deal with terminally ill patients on graduation 
from medical school, and 91% welcomed the opportunity to be 


educated in this area during the clinical years. (SURGERY 
1993;113:163-5.) 


Postoperative radiotherapy for 
carcinoma of the esophagus: A 
prospective, randomized controlled 
study 


Manson Fok, FRCSEd, Jonathan S. T. Sham, DMRT, 
FRCCR, Damon Choy, DMRT, FRCR, Stephen W. K. 
Cheng, FRCSEd, and John Wong, PhD, FRACS, FACS, 
Hong Kong 


Methods. A prospective, randomized controlled study of 
radiotherapy after resection of esophageal carcinoma was 
carried out in 130 patients. Patients were stratified according 
to whether the resection was curative or palliative and were 
then randomized to receive postoperative radiotherapy or no 
additional treatment. Sixty patients underwent curative 
resection; 30 each were randomized into the radiotherapy 
group (CR+R) and the control group (CR). Seventy patients 
underwent palliative resection; 35 each were randomized into 
the radiotherapy group (PR+R) and the control group (PR). 

Results. No complications occurred while the patients were 
undergoing radiotherapy treatment. On follow-up, complica- 
tions in the intrathoracic stomach occurred in 24 patients 
(37%) who underwent radiotherapy compared with four 
patients (6%) in the control group (p< 0.0001). Seventeen of 
these 24 patients in the radiotherapy group had gastric 
ulceration and there were five deaths as a result of bleeding. 

Local recurrence developed significantly less frequently in the 
PR+R group compared with the PR group (seven patients 
[20%] vs 16.patients [46%]; p=0.04); no difference was 
observed between CR+R and CR groups (10% and 13%, 

respectively.) Intrathoracic recurrence occurred in fewer 
patients in the radiotherapy groups (CR+R and PR+R) 
compared with the control groups (CR and PR) (four patients 
us 15 patients; p=0.01). In patients with residual tumor in 
the mediastinum after resection, two (7%) of 29 patients who 
underwent radiotherapy died of tracheobronchial obstruction, 

compared with nine (33%) of 27 patients in the control 
groups (p=0.03). No difference in local recurrence was 
observed for extrathoracic or anastomotic recurrence. Distant 
metastasis developed in 12 patients (40%) in the CR+R 
group, nine patients (30%) in the CR group (p=0.59), 24 
patients (69%) in the PR+ R group, and 18 patients (51%) 

in the PR group (p = 0.22). The time of onset of metastasis was 
5.1 months for the PR+ R group, which was shorter than the 
8.5 months for the PR group (p= 0.05). The time of onset of 
metastasis was similar for the CR+R and CR groups (9.9 
months and 11.0 months, respectively; p= 0.76). The overall 
median survival of patients after postoperative radiotherapy 
(CR+R and PR+ R) was 8.7 months, which was shorter than 
the 15.2 months for the control groups (CR and PR) 
(p= 0.02). 

Conclusions. The shorter survival of patients who under- 
went postoperative radiotherapy was the result of irradiation- 
related death and the early appearance of metastatic diseases. 

The role of postoperative radiotherapy is therefore limited to a 
Specific group of patients with residual tumor in the 
mediastinum after operation, for whom radiotherapy can 
significantly reduce the incidence of local recurrence obstruct- 
ing the tracheobronchial tree. (SurcERY 1993;113:138-47.) 
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Subtotal splenectomy in Gaucher’s 
disease: towards a definition of critical 
splenic mass 


Sir 

We read with interest the Review by Drs Zer and Freud on subtotal 
splenectomy in Gaucher’s disease (Br J Surg 1992; 79: 742-4). We 
fully agree with the sentiment that partial splenectomy may offer 
protection from overwhelming postsplenectomy sepsis and would seem 
a logical choice for use in children. However, in adults we question 
the logic of subtotal splenectomy specifically to delay the massive 
deposition of glucocerebroside in the liver and bone. 

In 1980 a 21-year-old woman presented with chest pain, bone pain, 
anaemia and massive splenomegaly. A diagnosis of Gaucher’s disease 
was made. At the age of 25 years the patient requested splenectomy 
because of massive abdominal distension. At laparotomy a grossly 
abnormal spleen weighing 4000 g was removed, histological examin- 
ation of which confirmed typical advanced Gaucher’s disease with little 
normal splenic parenchyma. Despite having evidence of liver and bone 
deposits of glucocerebroside, the patient remains well 8 years after 
splenectomy and is now pregnant for the second time. There has been 
no evidence of any rapid progression of liver or bone disease during 
that period. Accurate evidence is not available from the literature on 
the risks of accelerated deposition of glucocerebrosides, and because 
of this lack of knowledge we believe that, for adults, total splenectomy 
remains a useful therapeutic manoeuvre. 


P. Karatsis 
K. Rogers 


Clinical Sciences Centre 
Northern General Hospital 
Sheffield S5 7AU 

UK 


Laparoscopic versus open 
appendicectomy: a prospective evaluation 


Sir 

We read the article by Mr McAnena and colleagues (Br J Surg 1992; 
79: 818-20) and agree that laparoscopy and laparoscopic appendic- 
ectomy have a role in the management of patients with a clinical 
diagnosis of appendicitis. Laparoscopy confirms the diagnosis of 
appendicitis and also allows an inspection of other intra-abdominal 
and pelvic organs that would be impossible through a conventional 
gridiron incision. 

However, our own early experience leads us to believe that the 
hospital stay after appendicectomy for acute appendicitis is not shorter 
after laparoscopic surgery. We believe that the systemic illness 
associated with appendicitis, not the surgical wound, delays the 
patient’s discharge. Over a 4-month period, 23 patients with a clinical 
diagnosis of appendicitis have undergone laparoscopy: 16 had 
appendicitis, two had salpingitis and five had no obvious pathology. 
It is our policy, as with open exploration, to remove the appendix 
irrespective of its macroscopic appearance. Laparoscopic appendic- 
ectomy was successfully: performed in 21 patients and two attempts 
were converted to an open procedure: in one case the appendicular 
ligature slipped and in one the appendix was retrocaecal. All patients 
without obvious pathology were discharged within 48 h. The mean stay 
for the remaining 18 patients, including the two who underwent open 
operation, was 4'3 (range 2~8) days. It would be interesting to know 
whether Mr McAnena and colleagues compared the laparoscopic and 
open procedure for patients who had a confirmed diagnosis of acute 
appendicitis, i.e. excluding those with a normal appendix. 

We have no data, but it is our impression that patients suffer less 
pain after laparoscopic surgery. However, it would appear from the 
article that the wounds of the patients who had laparoscopic surgery 
were infiltrated with bupivacaine and the wounds of those who had a 
gridiron incision were not. We wonder whether this alone explains the 
difference in requirements for intramuscular analgesia between the two 


groups. 
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We would agree with the authors that a larger randomized trial is 
needed to resolve a number of issues. They state that in their study 
formal randomization was precluded on occasions by instrument 
availability. We are interested to know, on those occasions when 
randomization was possible, whether informed consent was obtained. 
We have been unable to conduct a randomized prospective study with 
informed consent as patients demand the minimally invasive procedure. 
We suspect that the randomized studies required will never be 
undertaken. 


A. Choy 
C. McGuinness 
H. Gajraj 
St Helier NHS Trust Hospital 
Wrythe Lane 
Carshalton 
Surrey SMS 1AA 
UK 


Authors’ reply 


Sir 

In response to the queries, patients who had a confirmed diagnosis of 
acute appendicitis had a significantly shorter hospital stay comparing 
laparoscopic versus open appendicectomy. Second, it has not been our 
practice to infiltrate open appendicectomy wounds with bupivacaine, 
and this may indeed ‘have some bearing on the decreased analgesia 
requirements for the laparoscopic group. Third, informed consent was 
obtained from patients in whom laparoscopic surgery was performed. 
In relation to the suspicion of Mr Choy and colleagues that the 
randomized studies required will never be undertaken, I would draw 
to their attention a recent prospective randomized trial of laparoscopic 
versus open appendicectomy', which produced results that were the 
virtual mirror image of those presented in our own paper. 


O. J. McAnena 


The Royal London Hospital 
Whitechapel 

London El 1BB 

UK 


1. Attwood SEA, Hill ADK, Murphy PG, Thornton J, Stephens RB. 
A prospective randomized trial of laparoscopic versus open 
appendectomy. Surgery 1992; 112: 497-501. 


Managing swabs in the operating theatre: 
a new method 


Sir 

I was interested in the paper on managing swabs in the operating 
theatre (Br J Surg 1992; 79: 776~7) by Mr McCombe and colleagues. 
In 1988 I visited a hospital in Heidelberg, Germany. In the interests 
of reducing the personnel required to run an operating theatre,.swab 
counts and needle counts had been completely abandoned. I do not 
know how widespread this practice is in Germany, but it seemed to 
me that the cost savings far outweighed the extra time needed to ensure 
that packs placed in the wound were properly tailed and to make a 
final check of the wound before closing. 


R. A. L. Young 
West Middlesex University Hospital 
Isleworth 
Middlesex TW7 6AF 
UK 
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Role of sequential leucocyte counts and 
C-reactive protein measurements in acute 
appendicitis 


Sir 

We read with interest the paper by Mr Thompson and colleagues (Br 
J Surg 1992; 79: 822—4) describing the use of serial leucocyte counts 
as an adjunct to clinical assessment in the diagnosis of acute 
appendicitis. The test described (that of an increase in the total leucocyte 
count over a 4-h period) was shown to have a sensitivity of 92 per cent 
and a specificity of 100 per cent and was therefore claimed to fulfil the 
criteria for a diagnostic test that could prove useful in assessing patients 
with equivocal clinical findings. 

Of more practical relevance, however, is the negative predictive 
value of the test, the proportion of patients with a negative test result 
who did not have appendicitis. Although it is not quoted in the text, 
we calculate this value to be only 78 per cent. Furthermore, as the 
authors mention, those false-negative results (patients incorrectly 
predicted not to have appendicitis) were in cases of a perforated 
appendix and thus represent the very patients one would not wish to 
miss. Although a rising leucocyte count may be useful in certain cases, 
we would advocate extreme caution before refuting the diagnosis of 
acute appendicitis on the basis of this test. 


S. P. K. Payne 
D. W. R. Gray 
Nuffield Department of Surgery 
The John Radcliffe Hospital 
Oxford OX3 9DU 
UK 


iliofemoral versus femorofemoral bypass: 
a 6-year audit 


Sir 

The retrospective study of Mr Ng and colleagues (Br J Surg 1991; 79: 
1011-13) attempted to compare iliofemoral bypass with femorofemoral 
crossover grafting for the treatment of unilateral iliac artery occlusion. 
Unfortunately, the authors have not compared like with like. When 
unilateral iliac artery lesions cannot be treated by interventional 
radiology, the surgical options depend on the presence or absence of 
a patent stump of the ipsilateral common iliac artery and on the overall 
fitness of the patient for operation, rather than on the preference of 
the surgeon. The unilateral procedure should be chosen whenever 
possible because it gives better haemodynamic results’ with less risk 
of donor limb steal syndrome’. 

When no stump of the common iliac artery exists, the options are 
limited to a unilateral aortofemoral graft or a crossover procedure. 
The crossover option is attractive because it is a relatively minor 
operation with few side-effects. The question should then be whether 
taking the donor limb off the contralateral iliac artery? is superior to 
femorofemoral crossover. Using the larger iliac artery should provide 
better haemodynamics, and the suprainguinal incision causes less 
disturbance of local lymphatics with better healing*. With this 
procedure the contralateral groin is left undisturbed for future 
radiological or surgical interventional procedures. 

The whole question of unilateral versus crossover procedures is in 
any case likely to become increasingly irrelevant with the advent of 
intraluminal stents for iliac occlusive disease. 


L Nyamekye 


Vascular Studies Unit 
Royal Hallamshire Hospital 
Sheffield S10 2JF 

UK 
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Perineal trauma from cassette tape boxes 


Sir 

The recent Case Report by Mr Reyes and colleagues (Br J Surg 1992; 
79: 1102) warns of the risk of perineal trauma from fragments of plastic 
cassette storage boxes. The paper raises a number of important points 
in the preparation of such reports. 

First, the paper suggests that all three occupants of the car suffered 
similar injuries. It would appear from the text that only one of the 
victims (patient 2) was found to have a-piece of plastic in the wound. 
To suggest that the other two injuries were caused in a similar way is 
conjecture. Second, patient 2 apparently had the foreign body removed 
from a deep perineal wound at the scene of the accident by a member 
of the fire service. Such intervention by members of the emergency 
services should be discouraged in the strongest terms. The unnecessary 
removal of foreign bodies in an uncontrolled manner from victims of 
multiple trauma may cause considerable morbidity and mortality. No 
comment is made on this point. Third, the occupants of the car are 
reported to have experienced ‘a 160-m.p.h. deceleration’. As ‘miles per 
hour’ (m.p.h.) is a unit of velocity (sic) and not of acceleration, this 
statement is meaningless. Perhaps it would have been better phrased 
as ‘a deceleration from 160 m.p.h.’. 

Survival for all the occupants of a car travelling in excess of 
160 m.p.h. colliding with a stationary vehicle would be worthy of report 
in its own right. I suspect that the authors are in fact reporting a 
collision of two vehicles with a combined impact speed in excess of 160 
m.p.h. This being the case, each vehicle would have decelerated from 
a speed of less than 160 m.p.h. 


W. F. A. Miles 


Department of Surgery 

The Dunfermline and West Fife Hospital Acute Unit 
Dunfermline 

UK 


Authors’ reply 


Sir 

We thank Mr Miles for his criticisms of our paper. The first point he 
makes suggests that absolute proof of the origin of these interesting 
perineal injuries was found in only one of the three cases. After an 
exhaustive search, including obtaining the opinion of police forensic 
experts, no other cause was found. We therefore concluded that it was 
likely that the injuries were from the same cause. It is up to readers to 
decide whether or not they feel that this is reasonable. 

We agree that the unnecessary removal of foreign bodies in an 
uncontrolled manner may be undesirable but would point out that we 
were not at the scene of the accident when it occurred in the early 
hours of the morning. Officers in the emergency services have to make 
on-the-spot decisions as to whether the moving and transfer of injured 
victims to hospital with sharp penetrating perineal fragments would 
place them at risk of more serious injuries during the transfer as against 
the risk of serious haemorrhage if the sharp object were to be withdrawn. 

We accept his comments on units but point out that implied in the 
phrase ‘a 160-m.p.h. deceleration’ is that it was from 160 m.p.h. to rest. 
This is an accepted terminology for head-on collisions, in which it is 
customary to add the closing speeds of the two vehicles together. In 
this case it is estimated that one vehicle was travelling at approximately 
90 m.p.h. and the other at 70 m.p.h. It is undeniable that in each case 
there was a rapid deceleration. 


P. G. Bentley 
R. Reyes 
S. Andrews 
Kent and Sussex Hospital 
Mount Ephraim 
Tunbridge Wells 
Kent TN4 8AT 
UK 
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Quality of life following surgery for 
abdominal aortic aneurysm 


Sir 

The paper by Mr Magee and colleagues (Br J Surg 1992; 79: 1014-16) 
studying life quality in survivors of elective abdominal aortic aneurysm 
(AAA) surgery is welcome. That this quality appears to equal or even 
exceed preoperative levels is noteworthy, as this conclusion differs from 
earlier opinion’. However, the fact that patients were asked to recall 
details of well-being from up to 42 months before operation rather 
weakens the reliability. of the study. Were the patients interviewed by 
the authors or independent interviewers? Were the patients told that 
the results would be analysed anonymously? Many patients are so 
willing to please. The more potential biases that could be excluded, 
the more convincing the results would be. Nevertheless, that so many 
patients perceived themselves as having relatively good life quality after 
aneurysm surgery is good news. 

The results presented in the paper should not be used in isolation 
to support the need for a national aneurysm screening programme. 
The 8 per cent mortality rate of elective operation is a reminder that 
aneurysm repair can be a hazardous procedure. It would have been 
helpful in assessing this study to know the criteria on which elective 
operation was offered, the number of patients considered unfit for 
operation and the conditions from which they suffered. Many currently 
conclude that a national screening programme for AAA is not yet 
warranted?~*. 

At first glance, the reported decrease in postoperative sexual potency 
seems interesting. On closer inspection the results are even more 
intriguing because it appears that Bristol and Exeter men are unusually 
virile. From the data presented it can be calculated that the approximate 
mean age of the 120 male interviewees with aneurysm was 73 years. 
Some 119 of them are reported to have had ‘normal sexual function’ 
before operation. Considering their advanced years, perhaps the men 
of Bristol and Exeter were not only willing to please but also 
exceptionally able so to do. 


T. S. Rose 


The Surgery 

Lindford 

Hampshire GU35 0QJ 
UK 
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Authors’ reply 


Sir 
We are grateful for Dr Rose’s comments. All patients were interviewed 
by the authors, but no knowledge of the type of operation or its 
.indications was available at the time of questioning. The interviewees 
were indeed aware that the data were to be analysed anonymously. At 
the conclusion of the paper we did not advocate that our results be 
used in isolation to support the need for aneurysm screening but stated 
merely that they ‘augment the argument for screening’. The debate on 
the necessity for a national screening programme continues. 

We do not apologize for the virility of the Exeter and Bristol men, 
but are sorry if those in Hampshire cannot match this performance. 


T. R. Magee 


15 Five Acre Drive 
Frenchay 

Bristol BS16 1JA 
UK 
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Intraoperative balloon angioplasty 


Sir 

We read with interest the Leading Article on intraoperative angioplasty 
by Mr McCollum and colleagues (Br J Surg 1992; 79: 1125-6). We 
agree that intraoperative balloon angioplasty has a role and have 
practised this for some time. Like Mr McCollum and coauthors, our 
indications are an unexpected pressure drop at the groin, the treatment 
of inaccessible distal disease during the insertion of a femoropopliteal 
graft, and when a stenosis is demonstrated during embolectomy. 

The important question is: ‘Who should perform these intraoperative 
procedures?’ We suggest that intraoperative angioplasty is normally 
the province of an experienced vascular radiologist, because: (1) it is 
a technique that requires training and practice to maintain a satisfactory 
level of skill; (2) it is technically more difficult in an operating theatre 
where viewing conditions are poor because of high ambient lighting; 
and (3) the relative immobility of theatre screening equipment makes 
it difficult to check the position of wires and balloons during the 
procedure. Thus the ‘feel’ of the wires and balloons during angioplasty 
becomes even more important, and this requires experience. Clearly 
there is an onus on radiologists in this field to make themselves available 
both in and out of hours, as do vascular surgeons. In our unit all four 
radiologists are capable of performing intraoperative angioplasty and 
two have a special interest in this procedure, thus enabling cover for 
holidays, sickness and so forth. 

The most important aspect is that vascular radiologists and 
surgeons continue to work together for the benefit of the patient rather 
than see each other as a threat to their future existence. 


G. J. Murphy 
J. N. Johnson 


Halton General Hospital 
Hospital Way 

Runcorn 

Cheshire WA7 2DA 

UK 


Reperfusion injury in skeletal muscle: a 
prospective study in patients with acute 
limb ischaemia and claudicants treated by 
revascularization 


Sir 

I read with interest the recent paper by Mr Adiseshiah and Drs Round 
and Jones (Br J Surg 1992; 79: 1026-9). The authors are to be 
congratulated for their thorough investigation of this difficult clinical 
problem. I am, however, concerned that insufficient evidence is 
presented to support the hypothesis that the observed changes in 
skeletal muscle were primarily the result of reperfusion injury. Group 
2 patients (with claudication) cannot be used as a control for 
observations made in group 1 (acute ischaemia ). The difference between 
the groups is not limited to the presence or absence of complete 
ischaemia. Thus it is not valid to assume that the different observations 
in each group were all related to revascularization. The changes in 
skeletal muscle may have occurred during ischaemia but become 
detectable only at a later stage. No data are presented on histological 
analysis of skeletal muscle subject to prolonged ischaemia without 
revascularization. 

Oxygen free radicals have been implicated in reperfusion injury but 
are difficult to assay directly. Research on reperfusion injury has often 
used the action of oxygen radical scavengers as an indirect bioassay to 
detect reperfusion injury. The results presented by the authors provide 
valuable information on the evolution of skeletal muscle damage after 
revascularization but fail to provide conclusive evidence that the 
biochemical and histological changes observed result from oxygen 
radical formation and reperfusion injury. This is an acceptable 
hypothesis but remains unproven. As such, the title of the paper is 
misleading. 


C. G. Moran 
Freeman Hospital 
High Heaton 
Newcastle upon Tyne NE7 7DN 
UK 
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Authors’ reply 


Sir 

We thank Mr Moran for his interest in our study and found his 
observations stimulating. He points out that the damage may not have 
arisen solely from reperfusion and that some change may have occurred 
while the muscle was ischaemic. The fact that the histological 
appearance of the muscle in the group 1 patients was initially normal 
and that there was a delay of around 24 h between the operation and 
the release of creatine kinase indicates that the damage evolves slowly. 
We believe that there are changes occurring in muscle kept ischaemic 
for several hours that result in necrosis seen a day or so after the 
circulation is restored. If at the end of the salvage operation the muscle 
had appeared necrotic and large amounts of soluble protein had been 
released immediately into the circulation, we would have assumed that 
the damage was a direct consequence of ischaemia. The fact that this 
was not the case raises the possibility that there is some interaction 
between the returning blood and the metabolically depleted muscle. 
The nature of any such interaction is clearly open to speculation, and 
the observations presented do not provide any evidence as to whether 
free radicals are involved. 

The reason claudicants were used as a control group for comparison 
was twofold. First, although they did not suffer the preoperative 
ischaemia experienced by the patients with acute ischaemia, both groups 
did undergo intraoperative ischaemia caused by arterial clamping. We 
wished to look at intraoperative clamping in case it contributed in any 
way to rhabdomyolysis. Second, we were curious to know whether 
there was evidence of rhabdomyolysis at all in claudicants during and 
after reconstruction. We do not suggest, and there is no such evidence, 
that claudicants suffer the histqlogical changes that we observed in 
patients with acute ischaemia. 

We feel that Mr Moran is a little hard in suggesting that the title 
of our paper was misleading. We do not imply any mechanism by use 
of the term ‘reperfusion injury’, rather we are simply using a recognized 
phrase to indicate that the topic of the paper was the injury that often 
occurs after successful revascularization in cases of acute muscle 
ischaemia. 

Finally, we agree that the role of oxygen free radicals in reperfusion 
injury is unclear, and at present these are best regarded as an index of 
damage rather than as a cause of it. We never proposed the latter 
concept. 


M. Adiseshiah 
J. M. Round 
D. A. Jones 


Private Patients’ Wing 
University College Hospital 
London WCIE 6AU 

UK 


Physiological and metabolic responses to 
open and laparoscopic cholecystectomy 


Sir 

We read with interest the study of Mr Mealy and colleagues (Br J 
Surg 1992; 79: 1061-4) comparing the physiological and metabolic 
responses to open and laparoscopic cholecystectomy. We have 
compared similar parameters after minilaparotomy and laparoscopic 
cholecystectomy as part of a prospective randomized trial. In our 
study, laparoscopic cholecystectomy resulted in better postoperative 
pulmonary function and oxygen saturation, and lower pain scores and 
morphine consumption (using a patient-controlled analgesia device), 
than minilaparotomy cholecystectomy'~*. In these respects‘our findings 
are in agreement with those of Mealy et al. 

By contrast, our findings on the metabolic response to surgery after 
the two procedures (ten patients in each group)‘ differ significantly 
from those of Mr Mealy and co-workers (Table 1). 

There was a wide variation in the metabolic response within groups, 
but no significant difference between them. The C-reactive protein 
response after laparoscopic cholecystectomy in our study was more 
than twice that found by Mealy et al. Given that there is wide variation 
in the magnitude of the metabolic response to surgery, it is not 
surprising that studies with small patient numbers can produce such 
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Table 1 Metabolic responses to cholecystectomy 





Laparoscopic 
operation Minilaparotomy P* 
C-reactive protein at 48h  118(50) 122(30) O11 
(mg/1) 
Interleukin-6 at 24h 227(41) 252(46) 0-60 
(pg/ml) 


Values are mean(s.e.m.). *Mann~Whitney U test 


different results. In Mr Mealy’s study, patients were not randomized. 
Patient selection bias may therefore account for the difference in 
findings. 


A. J. McMahon 
J. N. Baxter 
P. J. O'Dwyer 
University Department of Surgery 
Western Infirmary 
Glasgow GLI 6NT 
UK 
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Authors’ reply 


Sir 

We appreciate the interest shown by Mr McMahon and colleagues in 
our paper. There does indeed appear to be a discrepancy between the 
inflammatory response as measured by C-reactive protein (CRP) 
induced by laparoscopic surgery in our patients and their data. There 
are many reasons for this discrepancy. Differences in assay may be a 
factor, However, the wide variation in the magnitude of the metabolic , 
response to surgery is important (as they state). In this regard, our 
data demonstrate acceptable variance or spread; in addition, the 
differences in CRP response in our study correlated with other 
parameters examined, in particular pain scores and respiratory 
responses. We note the wide variation in CRP levels in McMahon's 
patients, which may account for their difficulty in demonstrating 
differences between the two groups. 

A further difficulty lies in the greatly raised interleukin (IL) 6 levels 
reported by Mr McMahon and colleagues. Although we have no direct 
comparison for our study, it is interesting to note that their IL-6 levels 
are approximately twice those seen following abdominal aortic 
aneurysm repair’. Undoubtedly anaesthetic and operative technique, 
sampling method and assay variability are of great importance in this 
regard. 

We stand by our findings and feel that the wide variation in their. 
results and their small numbers may account for the differences between 
the two sets of data. 


K. Mealy 
J. Hyland 
St Vincent’s Hospital 
Elm Park 
Dublin 4 
Ireland 
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Place of routine operative 


‘cholangiography at cholecystectomy 


Sir 

In their recent article For Debate (Br J Surg 1992; 79: 945-7), 
Messrs Corder, Scott and Johnson accurately represent the prevailing 
British view favouring the use of peroperative cholangiography during 
open cholecystectomy (quoting Cahill and Pain’s survey of general 
surgeons'). If peroperative cholangiography is regarded as good 
practice during open operation, are there sufficient grounds to drop it 
selectively in the laparoscopic procedure? The authors point out that 
not all common bile duct (CBD) stones are predicted by patient history, 
biochemistry or ultrasonography but also state that ‘cholangiography 
may be selectively omitted in the safe knowledge that symptomatic bile 
duct stones will not present subsequently’. 

We have employed a policy of routine peroperative cholangiography, 
using image intensification, during our first 114 laparoscopic 
cholecystectomies for gallstones. Patients with jaundice or a dilated 
biliary tree underwent preoperative endoscopic retrograde cholangio- 
pancreatography (ERCP). CBD stones were found in 18 of 114 patients 
(16 per cent): in five cases at preoperative ERCP and in 13 at 
peroperative cholangiography. CBD stones were confidently identified 
at peroperative cholangiography in eight patients in whom calculi were 
not predicted by history, biochemistry or ultrasonography. Subsequent- 
ERCP 4-96 days after operation confirmed duct stones in two of eight 
patients, indicating spontaneous passage in the other six. We have 
therefore identified a low incidence (two of 89) of truly retained calculi 
in patients not suspected of harbouring duct stones. Whether any 
sequelae would arise from leaving such stones behind remains 
conjectural. We believe that both identification of the anatomy and 
development of cholangiographic skills are valid additional reasons for 
recommending peroperative cholangiography in all laparoscopic 
cholecystectomies. 


R. H. K. Gompertz 
T. W. J. Lennard 


Academic Surgical Unit 

Royal Victoria Infirmary 
Newcastle upon Tyne NE1 4LP 
UK 
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' Prospective randomized trial comparing 


the Shouldice technique and plication 
darn for inguinal hernia 


Sir 

I read with interest the prospective study by Mr Kingsnorth and 
colleagues (Br J Surg 1992; 79: 1068-70) comparing the Shouldice 
repair and plication darn for inguinal hernia. The results of the study 
that they present do not support their view that the failure of the 
Shouldice technique among the junior surgeons was the result of 
inexperience with the operation compared with their experienced 
consultant colleague. Indeed, there is no significant difference using the 
x? test in the overall recurrence rate of inguinal hernia repair performed 
by the consultant surgeon compared with the juniors. What is clear is 
that the recurrence rate after Shouldice repair in this study (seven of 
144) is significantly worse (P < 0-05) than that reported in a series 
from a large British centre (seven of 780)!:?. 

The debate as to the best operation for inguinal hernia is steeped 
in surgical tradition. However, there is no doubt that the best results 
have been obtained by specialist surgeons working in specialist centres 
using the Shouldice technique’:?. Mr Kingsnorth’s finding that this 
technique was no better than the plication darn should not be used as 
an excuse to advocate the latter, despite its apparent simplicity, speed 
and familiarity. On the contrary, I believe that it is time to aim for all 
inguinal hernias to be managed by specialist hernia surgeons. The 
experience of the Shouldice Clinic suggests that there is a long learning 
curve to the Shouldice technique’, a point in favour of such a move. 
The emergence of various specialties, including vascular surgery, 
urology and, more recently, colorectal surgery, confirms that the myth 
of general surgery as a specialty has long been shattered. In order best 
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to serve the interests of our patients further specialization is both 
desirable and inevitable. 


J. P. Wyatt 


Department of Accident and Emergency 
The Western Infirmary 

Glasgow G11 6NT 

UK 
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Authors’ reply 


Sir 

Mr Wyatt raises several issues, some specific to our paper and others 
more general relating to the overall management and treatment of 
inguinal hernia. There are two specific points raised concerning our 
data. First, he claims there is no significant difference in the overall 
recurrence rate of inguinal hernia repair performed by the consultant 
compared with the junior surgeons. In the paper, no breakdown was 
given of the recurrences except the statement that no surgeon was 
responsible for more than two. For this reason, and also because the 
11 recurrences were shared by eight surgeons, no statistical comparison 
is possible. Second, there is the question of comparison with Devlin’s 
series of 780 Shouldice repairs performed by a single surgeon over a 
12-year period. The results of this series are considerably better, but 
our study was designed to address the question of the applicability of 
the specialist technique outside a specialist centre to ‘surgeons in 
training. 

Regarding the more general questions, we did not advocate plication 
darn as the operation of choice for inguinal hernia. The Shouldice 
repair must remain the ‘gold standard’. With the advent of prosthetic 
material and laparoscopic repair, it is important that effective 
operations such as the Shouldice repair are not discarded before the 
new techniques have been well tested prospectively both by experts 
and master hernia surgeons and by general surgeons in district general 
hospitals. We strongly disagree that all inguinal hernias should be 
repaired in specialist centres, although the learning curve for the 
Shouldice operation may be as long as 1000 repairs, as pointed out in 
our paper. A case can be made for specialized ambulatory surgical 
centres or specialized hernia hospitals to serve a region or a larger 
population’. In fact, the first hernia centre (a private hospital) has 
been set up very successfully in London; the centre has advertised 
widely in the media and business is booming. A ‘no-waiting list’ daycase 
approach is being offered. As hernia surgery rises up the agenda with 
the advent of laparoscopic techniques, the National Health Service is 
seen to be dragging its feet owing to lack of funding. Regional hernia 
centres could fulfil a useful function by assisting in bringing down 
waiting lists, training surgeons in specialized techniques of hernior- 
rhaphy and acting as a tertiary referral unit for complex cases. Clearly, 
British hernia surgery has much room for improvement with an overall 
recurrence rate of 10 per cent, patients waiting a mean of 60 days for 
operation and then spending a mean of 5 days in hospital. Some 40 000 
trusses are prescribed per year, presumably by doctors who do not 
wish surgeons to treat their patients. Only 7 per cent of hernias are 
repaired as day cases, and the age-specific surgery rate in the UK is 
one-third that in the USA. We agree with the sentiments expressed in 
the recent editorial in the American Journal of Surgery”: improvements 
in treatment of inguinal hernia depend on standardization of 
preoperative, operative and postoperative management which simplifies 
the overall approach. 


A. N. Kingsnorth 
M. R. Gray 
D. Nott 


University of Liverpool 
Department of Surgery 
Liverpool L7 8XP 

UK 


1. Morgan M, Reynolds A, Swan AV, Beech R, Devlin HB. Are 
current techniques of inguinal hernia repair optimal? A survey in 
the United Kingdom. Ann R Coll Surg Engl 1991; 73: 741-5. 

2. Deysine M, Sorroff HS. Must we specialize herniorrhaphy for 
better results? Am J Surg 1990; 160: 239-41. 
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Book reviews 


Moving to Audit — An Educational Package for Hospital 
Doctors and General Practitioners 


C. Arnold, J. Bain, R. A. Brown, R. M. Harden, J. M. Laidlaw, 
S. McAleer and R. A. Wood. 300 x 220 mm. Pp. 128. Illustrated. 1992. 
Dundee: Ninewells Hospital and Medical School Postgraduate Office. 
£29. 


Having just completed a report on a recent hugely oversubscribed 
conference for audit personnel held at The Royal College of Surgeons 
of England, it was a little disheartening to look at the front cover of 
this excellent book and find the words ‘What every doctor needs to 
know about medical audit’. This contradiction becomes increasingly 
reinforced with the book’s strong emphasis on team work and the 
recognition that few audits fail to cross professional boundaries, 
whether they be clinical, administrative, scientific or managerial. 

The Resource Book — perhaps ‘Interactive Audit Primer’ would be 
more appropriate as the package contains many inserts, pockets and 
cards that encourage feedback by means of addressed response cards 
— makes full use of icons, cartoons and graphics to ease the reader 
through the various stages of audit. This it does by approaching the 
many phases and disciplines involved in an audit cycle in a 
chronological manner chapter by chapter and then elaborates with 
judicious use of the worked example. 

The book is thoroughly up to date in the way it deals with the 
relationship between research and audit, the rigour required in audit 
methodology, and the realities of implementing change. This book 
‘arrives at a time when there is much interest and debate in these areas. 
It deals with both these and the fundamentals in a way which demystifies 
the audit process. It is particularly to be recommended because it 
aggressively dismisses the ‘audit — yawn, yawn’ philosophy, and presents 
audit as an indispensable and intellectually demanding activity for 
modern clinicians, audit personnel and managers. 


M. Emberton 


The Royal College of Surgeons of England 
35-43 Lincoln's Inn Fields 

London WC2A 3PN 

UK 


Low Molecular Weight Heparin 


T. W. Barrowceliffe, E. A. Johnson and D. P. Thomas. 235 x 155 mm. 
Pp. 209. Illustrated. 1992. Chichester: John Wiley and Sons. £32-50. 


Venous thromboembolism is the most common preventable cause of 
death in hospital patients, including those in surgical wards. In the 
past 20 years, randomized controlled trials have shown that standard 
unfractionated heparin is effective in both prophylaxis and treatment. 
However, there is room for improvement on standard heparin: it is an 
animal ‘soup’ of molecules of variable molecular weight, it requires 
intravenous infusion or multiple subcutaneous injection, and its 
antithrombotic efficacy is tempered by an increased risk of bleeding 
(including postoperative bleeding). 

In the 1970s, Dr E. A. Johnson of the newly formed National 
Institute for Biological Standards and Control (NIBSC) in Hampstead 
was the first to fractionate heparin; with his clinical colleagues he 
discovered that the molecular weight of heparin was an important 
determinant of its biological properties. In this book, he and the current 
and former heads of the Division of Haematology of NIBSC 
(Drs Barrowcliffe and Thomas) chronicle the large number of biological 
and clinical studies of low molecular weight heparins performed in the 
past 15 years. Their useful exposition is clear, readable, well illustrated 
and comprehensively referenced up to 1991. They conclude that low 
molecular weight heparins have two advantages over standard heparin: 
they are effective as a single daily subcutaneous injection, and they 
have increased antithrombotic efficacy without an increased risk of 
bleeding. This book merits a place in all postgraduate libraries and is 
a useful reference for surgeons and anaesthetists, as well as physicians, 
haematologists and pharmacologists. 


G. D. O. Lowe 


Glasgow Royal Infirmary 
‘Glasgow G4 OSF 
UK 


Endovascular Surgery. 2nd ed. 


S. S. Ahn and W. S. Moore (eds). 286 x 222 mm. Pp. 592. Illustrated. 
1992. Philadelphia, Pennsylvania: W. B. Saunders. US $135. 


There are so many exciting new fields of research related to the 
treatment of vascular disease that one can almost understand the need 
for all 98 of this book’s contributors. Mostly from the USA, they have 
provided no fewer than 64 chapters for this substantial volume. 

The first large section is devoted to endovascular imaging; mainly 
this is angioscopy, but a couple of chapters on intravascular 
ultrasonography provide an appropriate balance. The section contains 
not only clinical indications and results, but also guidance on organizing 
an angioscopy programme, maintenance of equipment, and what one 
might expect of angioscopy in terms of efficacy and safety. 

The second main section discusses balloon angioplasty and its 
chapters provide an excellent source of data on outcome as well as 
technique. Mechanical atherectomy and laser/thermal angioplasty are 
dealt with in the next sections; the presentations are both authoritative 
and exhaustive. The penultimate block of chapters deals with adjunctive 
procedures to endovascular surgery, including catheter thrombolysis 
and stenting. I felt that this section was rather shorter than its clinical 
implications would seem to merit but, to be fair to the editors, quite 
a bit of ground was covered, with even a chapter on endovascular 
grafting for aortic aneurysm. The book ends with chapters on biological 
effects of endovascular instrumentation with myointimal hyperplasia 
given due prominence. 

This is a book for those interested in new developments in the 
rapidly changing field of vascular surgery. Most chapters are 
worthwhile reads for any vascular surgeon; many are exciting pointers 
to our vascular surgical future. The second edition of Endovascular 
Surgery comes only 4 years after the first — read it before it exceeds its 
shelf life. 


J. A. Murie 


The Royal Infirmary 
Edinburgh EH3 9YW 
UK 


Diagnostic Picture Tests in Clinical Surgery 
W. F. Walker. 189 x 120 mm. Pp. 128. Illustrated. 1992. London: Wolfe. 
£7-95. 


This small book of clinical pictures is one of several atlases produced 
by Professor W. F. Walker, recently retired as Professor of Surgery at 
the University of Dundee. The book is aimed at the surgeon in training 
and hopes to appeal to the ‘general clinician’. In recent years an 
abundance of atlases have appeared in the medical press and opinion 
is often sharply divided on their value. I confess that I am one of those 
who feels that atlases of this type have great difficulty in making a real 
contribution to medical literature. This particular volume hopes to test 
the traditional skills of history taking in relation to clinical signs but, 
sadly, I fear it often fails. Although the quality of the individual 
photographs is usually good and the spectrum of material wide, it is 
difficult to deduce the answers to the sequential questions from the 
photograph alone. In many cases, even knowing the answer, one has 
difficulty in following the sequence of answers. Inevitably, there are 
one or two statements that many would consider inaccurate, not least 
that testicular descent into the scrotum takes place at 7 weeks of 
gestation. It is difficult to target this volume at a specific group of 
clinicians. It is the sort of book that one can enjoy flicking through to 
test one’s clinical acumen, but I find it difficult to believe that many 
surgeons in training would wish to buy it. The book competes in a 
crowded market place where this technique has been widely employed 
by journals and specialist textbooks. 


A. J. McKay 


Gartnavel General Hospital 
Glasgow G12 OYN 
UK 
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Principles of Trauma Surgery 


J. A. Moylan (ed.). 310 x 255 mm. Pp. 299. Illustrated. 1992. London: 
Gower Medical. £90. 


Advances in prehospital care and triage, and the evolution of 
sophisticated trauma centres in response to major and life-threatening 
injuries, have stimulated a proliferation of pertinent books and 
publications. This large volume appears at the end of a decade of 
ever-sharpening focus on the proper management of surgical trauma. 
It contains 20 chapters, half of which are contributions from the editor 
and other surgeons from North Carolina, USA. Among them are 
chapters on the management of a comprehensive range of regional and 
specific organ injuries, but head and spinal injuries, with the exception 
of blunt neck trauma, appear to have been deliberately omitted. The 
book does not aim to offer the structured approach to the treatment 
of the multiply injured individual that one expects to find in some 
books on trauma; this is an observation and not a criticism of this 
excellent volume. Early in the text are contained detailed but clearly 
set out sections on the pathophysiological basis for the treatment of 
shock and the provision of respiratory support. Further helpful portions 
of the text cover mechanisms of pulmonary and cardiac injuries in a 
preamble to their recognition and management. 

Each chapter sets out essential practical guidelines of diagnosis and 
Management, along with operative techniques aimed at improving 
survival and quality of outcome. In dealing with abdominal trauma, 
injuries to solid organs, viscera, alimentary and genitourinary tracts 
are comprehensively represented but, significantly, those to the major 
vessel trunks in the abdomen appear to have been ignored. Against 
that, space is set aside for subjects such as hand injuries, burns and 
paediatric trauma, which are often omitted in other texts. Sections on 
nutritional support and critical care management are extremely helpful 
and instructive. The book is liberally interspersed with superb clear 
colour diagrams, algorithms and tables. This technique is also used to 
highlight key information or illustrate mechanisms of injury or 
operative manoeuvres. The attractive layout of the volume invites the 
reader to leaf through it and the book certainly ought to be on the 
shelves of any institution in which trauma care is taught or where 
victims of trauma receive treatment. 

A. A. B. Barros D’Sa 
Royal Victoria Hospital 
Belfast BT12 6BA 
UK 
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Book reviews 


Reoperative General Surgery 


D. G. MacQuarrie and E. W. Humphrey. 220 x 285 mm. Pp. 833. 
Illustrated. 1992. St Louis, Missouri: Mosby—Year Book. £94. 


Surgery, like marriage, is more difficult the second time round. This 
book, written by an impressive group of American doctors and one 
lawyer, attempts to provide guidelines for those of us (all of us) who 
are unlucky enough to have to reoperate on our patients. Although 
the emphasis of the book is on reoperation, there are excellent 
sections on diagnostic imaging and interventional techniques as 
well as endoscopy. The pathophysiology of wound healing and the 


. problems of nutrition in a patient requiring further intervention are 


well covered and there is an extensive section about haemostasis in 
surgery. 

The main sections of the book are devoted to reoperations 
on the gastrointestinal tract, thorax, abdomen, solid organs and soft 
tissues; endocrine disease is also covered. A section on medicolegal 
aspects of reoperation gives an insight into the mind of an American 
lawyer and how malpractice law operates in the USA. All of us 
would agree with the statement ‘there can be little question that 
poorly kept hospital or office records are a guaranteed medico-legal 
hornets’ nest’. The chapters in this book are well written, easy to 
read and well illustrated with photographs (some in colour) and 
line drawings. The text is well referenced and gives clear advice 
on the management of difficult problems. While the book is 
aimed at that elusive figure, the general surgeon, a small complaint 
would be that it ignores vascular surgery almost completely. There 
is nothing about venous ulceration or recurrent. varicose veins 
and little on the management of iatrogenic vascular injury during 
reoperation. : 

It is appropriate that the editors have dedicated this book to 
C. S. Pierce, who was, like them, a US government employee. More 
importantly, however, he is recognized as a great proponent of 
pragmatism in surgery. A pragmatic approach is required when dealing 
with the patient who needs a second operation. This book succeeds in 
its attempt to provide informed guidelines for a most difficult area of 


surgery. 
D. Bouchier-Hayes 
Beaumont Hospital 


Dublin 9 
Freland 
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Notices and announcements 


29-30 March 1993 

Thoracoscopic Surgery Course 
Amsterdam, The Netherlands 
Information: Factory/Congress Office, 
Bloemgracht 169, 1016 KN Amsterdam, 
The Netherlands 


5 April 1993 

Injury Research Group 1993 Meeting 
Milton Keynes, UK 

Information: Dr R. N. Barton, North-western 
Injury Research Centre, Stopford Building, 
University of Manchester, Oxford Road, 
Manchester M13 9PT, UK 


14-16 April 1993 

Association of Surgeons of Great Britain 
and Ireland Annual Meeting 
Birmingham, UK 

Information: Caroline Ross, Association of 
Surgeons of Great Britain and Ireland, at The 
Royal College of Surgeons of England, 35—43 
Lincoln’s Inn Fields, London WC2A 3PN, 
UK 


18-22 April 1993 

International Congress on Advances in 
Brain Revascularization 

Eilat, Israel 

Information: Orta Ltd, 2 Kaufman Street, PO 
Box 50 432, Tel-Aviv, Israel 61 500 


5-7 May 1993 . 

Angioscopy Symposium/Course 
Amsterdam, The Netherlands 
Information: Factory/Congress Office, 
Bloemgracht 169, 1016 KN Amsterdam, 
The Netherlands 


18-20 May 1993 

Laparoscopic Suturing and Stapling 
Antalya, Turkey 

Information: Factory/Congress Office, 
Bloemgracht 169, 1016 KN Amsterdam, 
The Netherlands 


19-22 May 1993 

Eighty-fourth Annual Meeting of the 
American Association for Cancer Research 
Orlando, Florida, USA 

Information: AACR Office, Public Ledger 
Building, 620 Chestnut Street, Suite 816, 
Philadelphia, Pennsylvania, USA 


28 May 1993 

Endovascular Procedures 

Bournemouth, UK .- 

Information: Mr S. Parvin, Department of 
Surgery, The Royal Bournemouth Hospital, 
Castle Lane East, Bournemouth, Dorset 
BH7 7DW, UK 


3-5 June 1993 

First European Congress of the 
European Association for Endoscopic 
Surgery 

Cologne, Germany 

Information: Medikon-Heide Harzheim, Irm- 
traud Surmann, PO Box 501470, D-5000 
Köln, Germany 


7-8 June 1993 

8th International Symposium — Applied 
Physiology in Clinical Respiratory Care 
Rotterdam, The Netherlands 

Information: Dr O. Prakash, Thorax Centre 
BD 164, Dijkzigt Hospital, Dr. Molewaterplein 
40, 3015 Rotterdam, The Netherlands 


8-11 June 1993 

World Association of HPB Surgery Ist 
European Congress of Surgery 

Paris, France 

Information: EHPBS Congress Secretariat, 
Congress House, 65 West Drive, Cheam, 
Surrey SM2 7NB, UK 


9-12 June 1993 

The Endocrine Society 75th Annual 
Meeting 

Las Vegas, Nevada, USA 
Information: Ann Singer, The Endocrine 
Society, 9650 Rockville Pike, Bethesda, 
Maryland 20814, USA 


4-9 July 1993 

Endosurgery — the State of the Art 
Hamilton Island, North Queensland, 
Australia 

Information: Kathy Noble, Centre for the 
Study of Endosurgery, Department of Surgery, 
Alfred Hospital, Commercial Road, Prahran, 
Victoria 3181, Australia 


5-8 July 1993 

First International and Eighth European 
Conference on Clinical Hemorheology 
Vienna, Austria 

Information: Professor E. Ernst, Department 
of Physical and Medical Rehabilitation, 
University of Vienna, AKH Währinger Gürtel 
18-20, 1097 Vienna, Austria 


6 July 1993 

Current Issues in Epidemiology: the 
Prevention and Control of Chronic 
Disease 

Cambridge, UK 

Information: Courses Department, The British 
Council, 10 Spring Gardens, London 
SWIA 2BN, UK 


6-17 July 1993 

Current Practice in Neonatal and 
Paediatric Surgery 

Manchester, UK 

Information: Courses Department, The 
British Council, 10 Spring Gardens, London 
SWIA 2BN, UK 


8-9 July 1993 

Surgical Research Society Meeting 
Dundee, UK 

Information. Professor J. R. Farndon, Depart- 
ment of Surgery, Bristol Royal Infirmary, 
Bristol BS2 8HW, UK 


8-10 July 1993 

XVIIth International Update on Liver 
Disease 

London, UK 

Information: Professor N. McIntyre, Univer- 
sity Department of Medicine, Royal Free 
Hospital, Pond Street, London NW3 2QG, 
UK 


8-10 July 1993 

Sth South-east European Symposium of 
Paediatric Surgery 

Graz, Austria 

Information: Professor M, E. Höllwarth, 
Department of Paediatric Surgery, University 
of Graz, HeinrichstraBe 31, A-8010 Graz, 
Austria 


6-8 August 1993 

First Asian Pacific Congress of 
Endoscopic Surgery 

Singapore 

Information: Maggie Phang, Congress Secre- 
tariat, Conference and Exhibition Management 
Services, 09-43 World Trade Centre, Singapore 
0409 


22-27 August 1993 

International Surgical Week — 35th 
World Congress of the International 
Society of Surgery 

Hong Kong 

Information: Congress Secretariat, ISW Hong 
Kong, Department of Surgery, University of 
Hong Kong, Queen Mary Hospital, Hong 
Kong 


27-29 August and 

30 August—2 September 1993 

Second International Conference of 
Gastroenterology 

Hong Kong and Chengdu, China 
Information: Conference Secretariat, Room 
1611-13, World Finance Centre, North Tower, 
Harbour City, Kowloon, Hong Kong 


1-3 September 1993 

4th International Congress — 
International Organization for 
Statistical Studies on Diseases of the 
Oesophagus 

Paris, France 

Information: Michele Liegeon, 2 Boulevard de 
Montparnasse, 75 015 Paris, France 


7-10 September 1993 

6th International Congress on 
Interventional Ultrasound 

Copenhagen, Denmark 

Information: Dr C. Nolsøe, Department of 
Ultrasound, Herlev Hospital, University of 
Copenhagen, DK-2730 Herlev, Denmark 


15-18 September 1993 

Eurosurgery 93 

London, UK 

Information: Professor J. P. $. Lumley, 
Secretariat, Eurosurgery °93, The Royal 
College of Surgeons of England, Lincoln’s Inn 
Fields, London WC2A 3PN, UK 
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Instructions to authors 








The British Journal of Surgery publishes original articles, 
reviews and leading articles. Short notes, case reports and 
surgical workshops are also accepted. All manuscripts are 
submitted to editorial review. 


An article is reviewed for publication on the understanding that 
the work it reports has not been submitted simultaneously to 
another journal, has not been accepted for publication 
elsewhere and has not already been published. Any detected 
attempt at dual publication will lead to automatic rejection and 
may prejadice acceptance of future submissions. Articles and 
their illustrations become the property of the Journal unless 
rights are reserved before publication. The title page should 
indicate if the paper is based on a previous communication 
to a society or other meeting. Authors are requested to send 
three copies of original articles and other editorial matter 
to: The Senior Editor, The British Journal of Surgery, 
Butterworth-Heinemann Ltd, 59/60 Grosvenor Street, 
London W1X 9DA, UK. Telephone: 071-493 5841. Facsimile: 
071-499 3384. 

Books for review should be sent to the same address. 


A covering letter must accompany all submissions and must be 
signed by all authors. The covering letter should state if an 
abstract of the work has been published and whether the 
authors wish the manuscript and/or illustrations to be returned 
if the work is not accepted. The first named author is responsible 
for ensuring that all authors have seen and approved the 
manuscript and are fully conversant with its contents. 


Rejected manuscripts will not be returned to the authors, unless 
this is specifically requested. 


Ethics 


The Journal publishes all material relating to human 
investigation and animal experiments on the understanding that 
the design of the work has been approved by local ethical 
committees or that it conforms to standards currently applied in 
the country of origin. The Journal further reserves the right 
not to publish an article on the grounds that appropriate ethical 
or experimental standards have not been reached. Written 
consent must be obtained from the patient, legal guardian or 
executor for publication in The British Journal of Surgery of 
any details or photographs which might identify an individual. 
Evidence of such consent should be submitted with the 
manuscript. 


Preparation of manuscripts 


The British Journal of Surgery subscribes to the policy of 
uniform requirements for manuscripts which is designed to 
permit authors to resubmit papers to journals without extensive 
recasting. Authors are advised to consult the British Medical 
Journal 1988; 296: 401-5 or the Annals of Internal Medicine 
1988; 108: 258-65, or to obtain the leaflet ‘Uniform 
Requirements for Manuscripts Submitted to Biomedical 
Journals’ from The Editor, British Medical Journal, BMA 
House, Tavistock Square, London WC1H 9JR, UK (cost £1-00 


per copy). 


Authors are responsible for the accuracy of their report 
including all statistical calculations and drug doses. When 
quoting specific materials, equipment and proprietary drugs, 
authors must state in parentheses the name and address of the 
manufacturer. Failure to do so will result in delay in publication 
as the Journal considers that this information is essential for 
any reader who wishes to obtain similar material. Generic 
names should normally be used. 
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Original articles 


Original articles should normally be in the format of 
introduction, methods, results, discussion. Each manuscript 
should contain a summary on a separate page. Authors are 
reminded that there is considerable pressure on editorial space 
in the Journal. Lengthy manuscripts are likely to be returned 
to authors for shortening. The discussion in particular should 
be clear and concise, and should be limited to matters arising 
directly from the results. Authors should avoid discursive 
speculation. 


Reviews 


The Editorial Board of The British Journal of Surgery 
encourages submission of review articles on topics of interest 
to its readers. Any topic will be considered, but priority will 
be given to those addressing a major current problem. The 
author of each accepted review will receive an honorarium. 
Potential authors seeking advice on the suitability of review 
topics are advised to contact: Mr J. A. Murie, University 
Department of Surgery, The Royal Infirmary, Edinburgh 
EH3 9YW, UK. 


Leading articles 


The Editors commission signed leading articles to The British 
Journal of Surgery. These articles are 600—1000 words in length, 
address controversial topics of current interest and are 
supported by key references. Submissions may be subjected to 
external review and assessment by the Editorial Board before 
acceptance. The Editors retain the right to alter style and 
shorten material for publication. An honorarium is payable on 
publication. 


Short notes 


These are original observations presented in brief form. They 
should follow the standard format of introduction, methods, 
results and discussion, but no summary is required. Short notes 
should not exceed 500 words with a maximum of five references 
and one table or one figure. 


Case reports 


The British Journal of Surgery receives an increasing number 
of case reports each year. Space within the Journal remains at 
a premium and the rejection rate is high. Case reports should 
be no more than 500 words, with no more than five references 
and one illustration. 


Surgical workshops 


These describe technical innovations or modifications which 
may be useful in surgical practice. These articles should be less 
than 500 words long; they may be accompanied by no more 
than two figures and up to five references. 


Typescripts 

It is essential that manuscripts be clearly reproduced with 
adequate space for editorial notes. Papers must be typewritten 
or printed on A4 paper (210 x 297 mm) on one side of the paper 
only with double spacing and 4 cm margins. Manuscripts which 
do not conform to these requirements will be returned to the 
authors for recasting. Each of the following sections should 
begin on a new page: title page, summary, text, acknowledge- 
ments, references, tables, legends for illustrations. The text 
should usually follow the standard sequence of introduction, 
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methods, results and discussion. These sections should run 
sequentially through the text, avoiding blank space between 
them. 


Title page 

The title page should give: (1) the title of the article; (2) the 
name and initials of each author; (3) the department and 
institution to which the work should be attributed; (4) the 
name and address of the author responsible for correspondence 
and to whom requests for reprints should be addressed ; 
(5) sources of financial support; and (6) the category in which 
the manuscript is being submitted (original article, case report 
etc. ). 


Summary 


The second page of the manuscript should carry a summary 
of not more than 150 words. It should embody the purposes 
of the study or investigation, basic procedures (study material 
and observational and analytical methods), main findings (with 
specific data and their statistical significance, if possible) and 
the principal conclusions. 


Tables and illustrations 


Three copies of all illustrations and tables should be submitted. 
Each table with an appropriate brief title should be typed on 
a separate page. At least one set of illustrations (line drawings, 
radiographs, photomicrographs etc.) should be submitted in 
the form of glossy prints, original transparencies, or negatives 
and should not be mounted. Photocopies should be of sufficient 
quality to enable the Journal’s referees to judge their content 
and value. Each illustration should have a label pasted dn the 
reverse side giving its number (to correspond with its reference 
in the text) and the name(s) of the author(s); the top of the 
illustration should be indicated. Illustrations should be drawn 
and labelled appropriately for reduction to one or two column 
widths of. the Journal. Explanations of symbols and shading 
used should appear in the legend. Survival curves should be 
accompanied by d table giving the actual numbers of patients 
involved. The legends to illustrations and the footnotes to tables 
should contain brief but comprehensive explanations of the 
information contained therein. Prospective authors are strongly 
advised to refer to recent issues of the Journal for examples of 
accepted layout. A contribution towards the cost of colour 
reproduction is usually requested. If a table or an illustration 
has been reproduced from a published work the original source 
thereof must be given in full. Permission to use published work 
must be obtained from the original author and the publisher 
before submission. 


Abbreviations 


Authors should limit the use of abbreviations. Terms which are 
mentioned frequently may be abbreviated but only if this does 
not detract from reader comprehension. Abbreviations should 
be used consistently throughout the text and must be clearly 
defined on first use. 


Numbers and units 


The decimal point, not a comma, is used, e.g. 5:7. A space and 
not a comma follows thousands and multiples thereof, e.g. 
10000. SI units (International System of Units) should be used 
except for the measurement of blood pressure (mmHg). Where 
measurements were made in non-SI units, the actual values 
and units should be given, with SI equivalents inserted in 
parentheses at appropriate points. 


References 


References should be typed with double spacing and cited in 
the Vancouver style (see above: Uniform Requirements for 
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Manuscripts Submitted to Biomedical Journals). Reference 
to abstracts from meetings is discouraged; reference to 
unpublished communications is not acceptable. Personal 
communications should be cited in the text, in parentheses. The 
first author is responsible for confirming the acceptability of 
the material quoted with the originator. 


In the text, references should be numbered consecutively by 
superscript: t? or +°. References cited only in tables or figures 
should be numbered in sequence according to the first mention 
of the table or figure in the text. The sequence for a standard 
journal article should be: author(s); title of paper; journal 
name abbreviated as in Index Medicus (written in full if no 
abbreviation quoted ) and year of publication ; volume number; 
page numbers. For example: De Bolla AR, Obeid ML. 
Mortality in acute pancreatitis. Ann R Coll Surg Engl 1984; 
66: 184-6. The sequence for the chapters of a book should be: 
author(s); chapter title; editors; book title; place of 
publication; publisher; year of publication; page numbers. 
For example: Calenoff L, Rogers L. Esophageal complications 
of surgery and lifesaving procedures. In: Meyers M, 
Ghahremani G, eds. /atrogenic Gastrointestinal Complications. 
New York: Springer-Verlag, 1981: 123-63. 


Statistics 


For detailed guidance on the handling of statistical material, 
authors should consult The British Journal of Surgery 1991; 
78: 782—4. The Editors and statistical referees in evaluating a 
manuscript will consider the design of the study, the 
presentation of the data, the analysis of the data, and the 
interpretation of the results. 


Design 


Authors should set out clearly the objectives of the study, should 
identify the primary and secondary hypotheses, and should 
explain the rationale for the choice of sample size. 


Presentation 


Whenever possible a graphical presentation should be used to 
illustrate the main findings of a study. The use of standard 
deviation and standard error should be clearly distinguished. 
The use of the ‘+’ symbol should be avoided; these statistics 
should be presented in parentheses after the mean value. 


Analysis 


There should be a clear description of which methods were 
used for which analyses, and any methods not in common usage 
should be supported by references. Results of statistical tests 
should be reported by stating the value of the test statistic, the 
number of degrees of freedom and the P value. For example, 
‘t = 1:34, 16 d.f., P = 0-20’ might be reported. Actual P values 
should be reported, to two decimal places, especially when the 
result is not significant, rather than stating ‘not significant’. 


Whenever possible, the results of the primary analyses should 
be reported using confidence intervals instead of, or in addition 
to, P values. 


Interpretation 

Statistical significance should not be confused with clinical 
significance. In particular, ‘negative’ findings should be 
interpreted through the use of confidence intervals. 


Authors should beware of placing undue emphasis on secondary 


analyses, especially when they were suggested by an inspection 
of the data. 
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Lymphatic fistula and perigraft 
seroma 


Lymphatic fistula and perigraft seroma after vascular surgery are uncommon 
complications about which little has been written; surgeons’ knowledge of these 
conditions is limited and management anecdotal. This article incorporates the 
philosophy of an individual vascular unit in the light of experience and the currently 
available literature. 


Lymphatic fistula 


A lymphatic fistula is a persistent watery discharge that complicates approximately 
2 per cent of vascular surgical incisions in the groin’. The highest incidence of 
lymphatic fistula is in the critically ischaemic limb in which increased interstitial fluid, 
caused by limb dependency and leakage from damaged capillaries, results in an 
increased lymph flow through disrupted groin lymphatics’. Secondary groin 
exploration is also associated with the development of lymphatic fistula, and 
femoropopliteal surgery carries a higher risk than proximal reconstructive 
procedures”, probably because of disruption of superficial lymphatics related to the 
long saphenous vein. The volume of lymph leak is variable, occasionally exceeding 
500 ml in 24 h; without surgical intervention the leak usually resolves within 28 days 
and spontaneous resolution is the norm’. The discharged lymph is initially sterile 
but in approximately 25 per cent of patients cultures become positive?; Staphylococcus 
epidermidis is more commonly isolated than more pathogenic organisms such as 
Pseudomonas aeruginosa. Clinical evidence of wound infection is less frequent than 
may be expected from the incidence of positive lymph cultures and in a series of 35 
patients with lymph leaks Murphy er al.? found no evidence of graft infection. In 
contrast, Kwann er al.’ described graft infection leading to amputation in the presence 
of an infected lymphatic fistula. Since lymphatic leaks are commonly associated with 
some degree of wound dehiscence, all lymphatic fistulas should be regarded as 
potential causes of graft infection. 

Certain measures may reduce the incidence of lymphatic fistula. Administration 
of subcutaneous heparin in the scapular region, away from the drainage field of the 
groin lymphatics, may prevent the increase in inguinal lymph flow associated with 
the local administration of this agent. The lateral approach to the common femoral 
artery avoids the deep inguinal nodes and minimizes division of lymphatic channels 
in the groin. Closure of a groin incision should include at least one, and preferably 
two, layers of subcutaneous tissue so as to strangulate the lymphatics. 

A low-output fistula should be managed conservatively by bed-rest and tamponade. 
Bed-rest reduces lymph flow through the leg, facilitating nursing care of the groin 
incision and providing a rational basis for lymphostasis. A persistent high-output 
fistula requiring daily dressing changes should be managed surgically. Patent blue 
dye, injected as multiple subcutaneous blebs across the mid-thigh, aids identification 
of the site of a leak in the groin, and damaged lymphatics are either ligated or 
under-run using an absorbable suture. Suction drains should be avoided as they may 
encourage persistence of the lymphatic fistula. In addition to its antibacterial action, 
tetracycline is acidic and its local administration may encourage an inflammatory 
reaction leading to fibrosis and cicatrization of damaged lymphatics. 


Perigraft seroma 


A perigraft seroma is a collection of clear, sterile fluid surrounding a bypass graft. 
This complication is uncommon: few individual surgeons have reported more than 
four cases*. The great majority of perigraft seromas occur around Dacron (Du Pont, 
Stevenage, UK) and polytetrafluoroethylene grafts, although a small number of 
non-porous grafts have been affected. Subcutaneous bypass grafts seem particularly 
prone to this problem and over 50 per cent of reported cases are related to 
axillofemoral reconstruction. The apparent low incidence of perigraft seroma around 
deeper-sited reconstructions may, however, arise simply from difficulty in detection‘. 


The seroma is most commonly localized around the middle and distal portions of 
the graft, although the entire graft may be involved. 

Biochemical similarities with serum have encouraged most workers to regard 
seroma fluid as an ultrafiltrate of blood’. The containing pseudocapsule is a fibrous 
structure, with a thin inner secretory membrane loosely adherent to the outer surface 
of the graft, which contains immature fibroblasts®. The presence of other cellular 
components, notably inflammatory cells, is controversial’. The overall impression of 
a poorly incorporated graft bathed in an ultrafiltrate of blood has encouraged rival 
aetiological theories. Faulty graft incorporation may be due to a humoral fibroblast 
inhibitor that prevents maturation and proliferation of perigraft fibroblasts®®, or a 
specific immunological reaction may be mounted against the graft’. Alternatively, 
abnormal graft porosity may be caused by a number of factors, including trauma, 
soilage by lipophilic molecules or possibly by variation in quality control at the time 
of graft manufacture*. 

A perigraft seroma should be regarded as a late complication of surgery, since 
fluid collections are common until synthetic grafts become encapsulated at about 6 
weeks after operation. Spontaneous resolution occurs in approximately 65 per cent 
of selected cases*. A perigraft seroma is commonly painless, but stretching of the 
overlying skin can cause discomfort and erythema which may indicate impending 
ischaemic ulceration. This must be distinguished from abscess, haematoma or 
pseudoaneurysm. There is no evidence that perigraft seroma is primarily infected’; 
septic complications are probably due to repeated aspiration or surgical intervention. 
Similarly, graft thrombosis has been described only in series in which the surgeon 
has intervened. There is no evidence to suggest graft compression by perigraft seroma. 

In a comprehensive survey’, 22 cases (9 per cent) of perigraft seroma were managed 
by ‘observation only’ and infection or thrombosis complicated only one case. Based 
on this limited information on natural history, the principal approach to a perigraft 
seroma should be one of observation only. The efficacy of plasmaphaeresis, designed 
to eliminate a humoral fibroblast inhibitor®, remains unconfirmed in extensive clinical 
experience. Aspiration is associated with an unacceptably high incidence of infection 
and should be reserved for situations in which there is diagnostic doubt. Surgery is 
indicated only for pain or marked erythema of the overlying skin. There have been 
isolated reports of evacuation of the seroma and packing of the cavity with 
microfibrillar collagen®!°. Some surgeons have suggested removal of the existing 
graft and reconstruction using a different prosthetic material, through a new 
anatomical route. Such treatment is associated with a recurrence rate of <10 per cent 
and a low incidence of infection?, but the need for such a radical approach must be 
questioned. Local excision of the seroma, including the fibrous capsule, may lead to 
skin necrosis, graft infection, recurrence of the seroma and graft thrombosis*. Seroma 
excision is, therefore, generally unwise. 

P. Lewis 
J. H. N. Wolfe 
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Non-surgical treatment of cancer 
of the oesophagus 


The majority of patients with oesophageal cancer are unsuitable for surgical treatment 
because of tumour spread, associated medical problems or age. The predominant 
symptom is difficulty in swallowing of a degree that varies but eventually progresses 
to complete dysphagia. Without some form of palliation these patients have a poor 
quality of life, rapid weight loss and an unpleasant death. The aim of palliation is 
the complete relief-of dysphagia with minimum morbidity and maximum quality of 
life both during and after treatment. Although quality, rather than quantity, of life 
is more important, for many patients survival will be prolonged because of improved 
nutrition as a result of treatment. í 

Palliative treatments may be broadly divided into endoscopic techniques that 
relieve obstruction of the oesophageal lumen, and radiotherapy and chemotherapy 
that may, in addition, alter the natural history of the disease. An increasing number 
of palliative methods have been described in recent years; it is now appropriate that 
the use of palliation is examined critically so that the best method or combination 
of methods may be properly recommended for an individual patient. 

Oesophageal dilatation alone is an inadequate treatment as dysphagia returns 
rapidly. Oesophageal intubation remains the most commonly used method! as this 
may be accomplished at one treatment session and provides immediate relief of 
dysphagia. Intubation should always be performed endoscopically and under 
fluoroscopic control. In cases complicated by tracheo-oesophageal fistula or external 
compression, intubation is the treatment of choice. Although with good aftercare a 
soft nutritious diet is possible, swallowing after intubation never returns to normal. 
Tubes may become displaced or blocked by food or tumour overgrowth, but these 
problems can usually be solved by further endoscopic manoeuvres. Endoprostheses 
have limitations: if placed across the cardio-oesophageal junction they produce 
incapacitating reflux and they cannot be placed close to the cricopharyngeal sphincter 
for upper-third tumours. 

The other major palliative endoscopic technique is tumour necrosis, using laser, 
diathermy or the injection of a cytotoxic substance. Laser recanalization involves 
vaporizing tumour using the neodymium yttrium-aluminium-garnet laser. 
Exophytic tumours are more suitable for laser therapy. A delay of up to 1 week 
between initial treatment and relief of dysphagia is typical and regrowth of tumour 
always requires visits for further treatment. In a prospective non-randomized 
comparison of laser recanalization versus intubation?, the palliation of dysphagia 
was similar for both but the oesophageal perforation rate was significantly lower 
after laser treatment (2 versus 13 per cent); laser-treated patients underwent more 
procedures and had longer overall hospital stays. Bipolar diathermy has also been 
used to destroy circumferential oesophageal tumours and is cheaper than laser 
therapy; it has been shown to be as efficacious and safe as laser treatment?. Tumour 
necrosis following endoscopic injection of absolute ethanol is the most recently 
described technique for oesophageal recanalization but, to date, there have been few 
publications on its use*. 

In contrast to endoscopic methods, radiotherapy offers a chance to inhibit the 
local progression of the primary cancer. While radiation may be given by external 
beam or by an intraluminal source, it has traditionally been administered by the 
former method. The optimum dose for this route is unknown, but the minimum 
accepted for radical treatment is 5000 cGy as more than 6000 cGy causes unacceptable 
side-effects. With a daily dose of 200 cGy and five treatments per week, a full course 
of treatment lasts 5 weeks, but up to 20 per cent of patients are unable to complete 
this because of poor tolerance. The relief of dysphagia may take several weeks. The 
generalized debilitating effects of radiotherapy may detract from the quality of life 
remaining to the patient, and stricture and oesophagorespiratory fistula may occur 
after irradiation. Pearson’s 1-year survival rate of 44 per cent and 5-year survival 
rate of 22 per cent with radiotherapy as the primary treatment of squamous cancer 
have never been reproduced*. Adenocarcinoma of the oesophagus has often been 
considered to be radioresistant but there are data showing little difference in survival 
rates between patients with adenocarcinoma and those with squamous carcinoma 
affecting the cardia treated with radiotherapy®. This is particularly relevant because 
adenocarcinoma of the cardia is increasing in incidence. 
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Intracavity irradiation (brachytherapy) is arousing interest as a result of the 
development of the Selectron (Nucleotron, Zeersum, Holland) remote-control 
afterloading machine, which makes the procedure simple and safe’. The Selectron 
applicator tube is passed over an endoscopically placed guidewire and positioned 
across the tumour using fluoroscopy. The applicator is fixed at the mouth and the 
patient is transferred to a protected treatment room and connected to the Selectron 
machine. A microprocessor controls the pneumatic transfer of caesium-137 pellets 
down a flexible tube inserted into the applicator. Treatment is given as a single 
fraction of 1500 cGy for. rapid palliation. The great merit of brachytherapy is that 
the radiation dose is highest to the tumour while adjacent normal tissues are relatively 
spared. The combination of a lower dose of external-beam radiotherapy with 
brachytherapy is-an attractive new development, but so far there are few published 
data on such therapy and no randomized trials. Although chemotherapy alone has 
no apparent place in oesophageal cancer treatment, reports of a combined regimen 
of chemotherapy and radiotherapy have been more encouraging®. Intraluminal 
debulking in combination with external-beam radiotherapy may allow prolonged 
palliation and perhaps longer survival. Although such treatment combinations may 
confer benefit, they must be subjectéd to the scrutiny of the controlled trial, with 
objective data being collected on both quality of life and palliation of dysphagia. 

Recurrent problems with swallowing after both surgical and palliative treatment 
are common. These are not always due simply to mechanical obstruction; they may 
also arise from recurrent laryngeal nerve palsy resulting in aspiration on swallowing’. 
When intraluminal recurrence occurs after oesophagectomy, laser recanalization of 
the exophytic growth is the treatment of choice. 

Clearly, there are a number of different therapeutic options for the treatment of 
the obstructed oesophageal lumen. There are also new methods of potentially altering 
the natural history of the disease. Now is the time to determine which treatment or 
treatment combination is best for individual patients. In the future, quality of life 
and survival benefits can be established only if the assessment of palliation is better 
documented. All future trials must use a clearly defined dysphagia grading system 
alongside an objective assessment of quality of life during the follow-up period of all 
patients with treated tumours. Randomized controlled trials of combinations of 
treatments, particularly including intraluminal radiotherapy, are long overdue, and 
the role of brachytherapy must be established. The first clinical trial should compare 
endoscopic intubation alone (the most commonly performed palliative manoeuvre) 
with a combination of intubation, brachytherapy and low-dose external-beam 
-radiotherapy. It may even be shown eventually that palliative treatment can provide 
a better result, in terms of quality and quantity of life, than attempted curative surgical 
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Diagnostic value of cytology for 
biliary stricture 


Over the past 20 years, bile aspiration at endoscopic retrograde 
cholangiopancreatography or percutaneous transhepatic cholangio- 
graphy has been developed for cytological diagnosis of biliary tract 
stricture. This safe and specific test has allowed a diagnosis to be reached 
before or without operation in about one-third of malignancies of the 
pancreas or biliary tree. The recent development of biliary brush 
cytology has produced better results. An endobiliary biopsy forceps is 
now available that may allow safe sampling of lesions causing extrinsic 
compression of the biliary- tract. An endobiliary aspiration cytology 
needle has been produced that may permit non-ulcerating lesions to be 
diagnosed. A safe alternative to endobiliary methods is percutaneous 
fine-needle aspiration cytology; this yields a diagnosis in about half of 
patients presenting with obstructive jaundice and an imaged mass lesion. 


There are many causes of bile duct stricture (Table 1) and 
differentiating benign from malignant may be difficult, even in 
a specialized centre. History, physical examination and 
biochemical tests are usually unhelpful. Ultrasonography and 
computed tomography (CT) may establish the presence of 
biliary obstruction in >90 per cent of patients and are 
reasonably good at predicting the level of the obstruction 
(ultrasonography, 60 per cent; CT, 90 per cent)!. However, 
these imaging methods correctly predict the underlying 
pathology in only one-third (ultrasonography) to two-thirds 
(CT) of patients'. As would be expected, the results are best 
for biliary obstruction caused by a pancreatic mass and worst 
for cholangiocarcinoma without a mass lesion. Although 
combining imaging methods may increase diagnostic accuracy, 
it remains below that required for making satisfactory clinical 
decisions and the preoperative imaging diagnosis is often 
incorrect?:}, Endoscopic retrograde cholangiopancreatography 
(ERCP) and percutaneous transhepatic cholangiography 
(PTC) allow the site of a lesion within the biliary tree to be 
established but give little information about its nature’. 
Angiography may show evidence of tumour circulation or 
vascular invasion but it is invasive, expensive, time consuming, 
potentially dangerous and probably inappropriate unless a 
patient is being considered for surgery. New imaging methods 
such as nuclear magnetic resonance and positron emission 
tomography have yet to establish their role. 

Obtaining tissue for diagnosis is difficult in the biliary tree 
but is essential to allow decisions to be taken on treatment and 
to assess prognosis; when obtained early it may obviate the 
need for subsequent investigation. Newer forms of treatment, 
such as liver transplantation for sclerosing ‘cholangitis or 
balloon-dilatation for benign biliary stricture, demand accurate 
pretreatment diagnosis to prevent their inappropriate use for 
malignant disease+. A ‘no tissue’ diagnosis is no longer 
acceptable in the management of patients with biliary stricture. 
Histological examination, although theoretically ideal since it 
should give information on both tumour depth and grade, is 
impractical in most cases. In the few patients with bile duct 
stricture for whom histological information is obtained before 
operation, biopsy usually provides little information other than 
whether there is or is not neoplasia. This has encouraged the 
use of cytology. 

This review analyses the contribution of cytology to the 
diagnosis of biliary tract stricture. It covers criteria for 
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cytological diagnosis, results of cytology from duodenal 
aspirate, sampling at ERCP and PTC, percutaneous and 
intraoperative fine-needle aspiration cytology (FNAC) and 
recent innovations in endobiliary brushing, biopsy and FNAC. 
All appropriate literature written in English and documented 
in or referred to in MEDLINE was reviewed. The data 
presented therein were analysed in a standard format to provide 
a combined total number of patients, number with cancer and 
number with positive cytology results. For each study the 
following were calculated": sensitivity (percentage of cytology 
specimens considered positive in patients with proven malig- 
nant disease); specificity (percentage of cytology specimens 
considered negative in patients free of malignant disease); 
positive predictive value (percentage of times a positive cytology 
result will detect a patient with malignancy ); negative predictive 
value (percentage of times a negative cytology result will 
detect a patient without malignancy); and overall accuracy 
(percentage of correct positive and negative cytology findings 
in all patients under investigation ). Data from individual studies 
have also been pooled for each method of obtaining a 
cytological diagnosis to allow a meta-analysis. This yielded an 
overall sensitivity, specificity, positive predictive value, negative 
predictive value and accuracy for each method. Results for the 
various techniques have been compared between patient groups 
using the y? test. Because meta-analysis may overlook 


Table 1 Conditions causing biliary tract stricture 
Benign Malignant 


Congenital 

Bile duct injury 
Postoperative 
Blunt or penetrating injury 


Carcinoma of pancreas 
Cholangiocarcinoma 
Ampullary cancer 
Liver metastases 


Radiotherapy Hepatocellular cancer 
Inflammatory Gallbladder cancer 
Gallstones Neoplastic hilar lymphadenopathy 


Chronic pancreatitis 
Parasitic infection 
Recurrent pyogenic cholangitis 
Liver abscess 
Primary sclerosing cholangitis 


Papillary stenosis 
Benign neoplasm 
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important differences between individual studies, results of each 
report have also been tabulated; significant variations between 
results are discussed®, 


Historical background 


Since the 1950s cytology has become an established method of 
obtaining a tissue diagnosis in many clinical areas, including 
disease of breast, thyroid, cervix, lung and urinary tract”. Even 
in the diagnosis of biliary tract stricture it has been employed 
for over 40 years, but without becoming widely adopted. This 
is due mainly to the technical difficulty of obtaining adequate 
samples and to problems with cell preservation for microscopic 
assessment. Koss® described cytology as ‘art and science’ 
because, although scientifically based, much depends on the 
experience of the individual cytologist. 
Biliary tract cytology may be performed on cells freely 
exfoliated in the bile (bile cytology) or the process may be 
“enhanced by instrumentation, for instance brush cytology. 
These should be considered separately from non-exfoliative 
‘cytology methods, such as FNAC, which has been defined by 
Bamforth® as ‘the examination of cells obtained from needle 
or drill biopsy in solid organs or tissue masses or from the cut 
surface of such material freshly removed by surgical biopsy’. 


Criteria for cytological diagnosis 

Normal bile 

Before cytology can be used to diagnose biliary neoplasia a 
precise understanding of normal biliary epithelium is essential. 
Normal bile contains a few epithelial cells that are well 
preserved. These occur singly, or in monolayer or folded sheets, 
and have a columnar or cuboidal configuration. The average 
diameter of an epithelial cell is 30 um and cells are fairly uniform 
in size. Their cytoplasm is lightly opaque, sometimes 
vacuolated, acidophilic or cyanophilic. The granular nuclei 
contain a single small nucleolus, which is oval and situated 
paracentrally towards the basal portion of the cell. Goblet cells 
can also be seen. Exfoliated cells from the bile and pancreatic 
ducts are similar. 


Effects of inflammation 

Inflammation in the biliary tree, resulting from obstruction, 
infection, foreign body (e.g. calculus or stent) or recent 
instrumentation, increases the number of epithelial cells in the 
bile. These cells may undergo non-malignant morphological 
changes, such as hyperplasia or regenerative or degenerative 
alteration, making differentiation between benign and malig- 
nant lesions difficult. Misdiagnosis after recent instrumentation 
has been reported’®. The cytological signs of cell alteration due 
to inflammation include loss of surface structures, vacuolization 
of cytoplasm, nuclear enlargement, coarse hyperchromasia, 


Cytology in biliary stricture: T. Kurzawinski et al. 


multinucleation and multinucleolation. Cell death is indicated 
by fragmentation, nuclear destruction (pyknosis, karyolysis, 
karyorrhexis) and cytoplasmic vacuolization®. In acute 
inflammation bile contains leucocytes, blood, yeasts and 
bacteria, in addition to normal and abnormal epithelial cells. 


Effects of neoplasia 
Neoplasia can be established only by careful evaluation of 
individual cells, their relation to one another, and the general 
appearance of the smear. Unfortunately, no single feature is 
diagnostic. Tumour cells usually have an increased diameter 
and occur in clusters, vary in size (anisocytosis) and exhibit 
cell engulfment (phagocytosis). The nuclear features are most 
important. Neoplastic cells show nuclear enlargement or 
shrinkage in relation to their cytoplasm, causing a change in 
the nuclear:cytoplasmic diameter ratio. In normal cells this 
ratio is more or less constant® at about 1:3. Irregular clumping 
of nuclear chromatin and hyperchromasia resulting from 
increased staining intensity is a significant feature. Other 
findings include irregular shape and contour of the nucleus, 
alteration in size, shape and number of nucleoli, occurrence of 
multinucleate forms and an increase in mitotic figures. Not all 
changes have to be observed together to diagnose neoplasia 
but cell and nuclear enlargement, variation in shape and 
clumping of chromatin are essential characteristics. These strict 
criteria for the cytological diagnosis of neoplasia are necessary 
as many cell changes, such as variation in staining reaction, 
size, shape and vacuolization, may be seen in inflammation. 
The cytological appearances of neoplastic cells from pancreatic 
and bile duct carcinoma are similar, making it impossible to 
determine the organ of origin of such bile-derived cells. 
Specimens collected by percutaneous FNA are less likely to 
. show cell necrosis than those obtained from the biliary tree. 
However, cell changes are similar in pancreatic cancer and 
chronic pancreatitis, so FNAC, in common with histological 
examination, may produce a false-positive diagnosis of 
malignancy! t. 


Cytology from duodenal aspirates 


Since 1920, cytology has been performed on epithelial cells 
exfoliated into the biliary tract and aspirated from the 
duodenum. Results from the first large series of patients were 
published by Lemon and Byrnes’? in 1949. Duodenal aspiration 
cytology was carried out in 58 patients with suspected cancer 
of the biliary tract or pancreas, most of whom presented with 
jaundice. The method had a sensitivity of 72 per cent with no 
false-positive result. However, subsequent reports!?:?3 on a 
larger series of patients studied by the same group gave a 
sensitivity of only 33 per cent. The initial experience of Lemon 
and Byrnes, and results from eight other major series reported 
over the next 30 years, are shown in Table 2. All reports 


Table 2 Duodenal aspiration cytology in patients with suspected pancreatic or bile duct cancer 














Patients Positive Negative Overall 
. No.of with True False Sensitivity Specificity predictive predictive accuracy 
Reference Year patients cancer positive positive (%) (%) value (%) value (%) (%) 
Lemon and Byrnes!? 1949 58 18 13 0 72 100 100 88 91 
Raskin et al.+? 1958 203 43 28 0 65 100 100 91 93 
Raskin et al.1* 1959 356 55 33 2 60 99 94 93 93 
Bowden and Papanicolaou'S 1960 132 50 23 0 46 100 100 75 79 
Dreiling et al.'® 1960 212 72 59 12 82 92 83 80 89 
Nieburgs et al.*7 1962 301 105 43 4 41 98 91 76 78 
Goldstein et al.*® 1968 67 24 18 0 75 100 100 88 91 
Prolla and Kirsner’® 1972 2142 187 112 5 60 100 96 96 96 
Kline et al.?° 1978 239 40 18 0 45 100 100 90 96 
Total 3710 594 347 23 58 99 94 93 93 
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involved exfoliative cytology performed on samples collected 
from the duodenum after placement of a nasoduodenal tube. 
Of 3710 patients sampled, 594 were found to have cancer. The 
reported sensitivity of cytology varied from 41 to 82 (mean 58) 
per cent. Successful diagnosis of more than half of patients with 
pancreatobiliary cancer suggests that duodenal drainage 
cytology is a useful diagnostic test, but there are problems with 
these studies. Placement of the duodenal tube is frequently 
difficult!5 and may take 2—4 h. Detection of neoplastic cells in 
the duodenal aspirate gives no indication of the site of the 
neoplasm?°. Many of the patients studied had advanced disease, 
such as pancreatic cancer with duodenal ulceration. The results 
of duodenal aspiration cytology in current practice would 
undoubtedly be poorer. The major difficulty, however, with 
cytological diagnosis from duodenal aspirates is that duodenal 
juice mixed with exfoliated cells produces degenerative 
alterations that can be mistaken for malignant change. This 
may explain why many series have included a few patients with 
false-positive results (Table 2) and in some studies 5-10 per cent 
of control patients had positive findings on cytology. The 
potential for obtaining false-positive results, and the intro- 
duction of more direct methods for obtaining bile or pancreatic 
juice, have made duodenal aspiration cytology of only historical 
interest. 


Cytology sampling at endoscopic retrograde 
cholangiopancreatography and percutaneous transhepatic 
cholangiography 


The introduction of the diagnostic and therapeutic biliary tract 
procedures of ERCP and PTC in the early 1960s allowed the 
collection of bile or pancreatic juice straight from the bile or 
pancreatic duct. The results of major cytology studies using 
these methods of specimen collection are reported in Table 3. 
The reported sensitivity of cytological analysis of pure 
pancreatic juice for diagnosis of pancreatic cancer ranged from 
54 to 76 per cent. The sensitivity of bile cytology in the diagnosis 
of malignancy in patients with biliary stricture varied from 30 
to 73 per cent. This wide range is likely to result from differences 
in the groups of patients under investigation and in the methods 
of sampling for cytology. For example, samples of pancreatic 
juice were all obtained at the time of endoscopic pancreato- 
graphy but some studies involved patients known to have 


pancreatic tumour?! while others involved those undergoing 
diagnostic ERCP??. 

Over the past 10 years several studies have concentrated on 
bile exfoliative cytology in patients with obstructive jaundice 
caused by biliary stricture?*?! (Table 3). Analysing the 
combined results from the six major studies reported since 1981 
provides data on 236 patients and gives an overall sensitivity 
for exfoliative bile cytology of 38 per cent. Surprisingly, the 
overall sensitivity for duodenal aspirate cytology was superior 
to that for bile exfoliative cytology (58 versus 38 per cent; 
X = 23, 1 d.f., P < 0-001). This may reflect an earlier stage of 
disease currently being investigated. The most important aspect 
of the studies, on both pancreatic juice and bile, summarized 
in Table 3 is the absence of false-positive results, resulting in a 
specificity of 100 per cent. A lack of false-positive results is of 
importance for any diagnostic test but is of particular 
significance when dealing with biliary stricture for which the 
treatment options are diverse and may be associated with 
considerable morbidity and mortality. The absolute specificity 
is generally attributed to obtaining a better sample for cytology 
by avoiding the degenerative changes that occur with cells 
exfoliated into the duodenum. The majority of studies on bile 
cytology reported in Table 3 involved collection of samples 
endoscopically. Similar levels of sensitivity were found with 
percutaneous sampling, although the patient groups were 
generally different and direct comparison is not valid. Saline 
irrigation at PTC has been used to improve the results of 
percutaneous bile cytology. litsuka and colleagues’? reported 
a sensitivity of 49 per cent in 55 patients with biliary-stricture. 
Similar results were obtained in series where irrigation was not 
used, suggesting that this technique has no clear advantage. In 
some of the studies cited in Tables 2 and 3 pancreatic secretion 
was stimulated with secretin or magnesium sulphate in an 
attempt to increase the number of exfoliated cellst? 16:21.33 
The flow of pancreatic juice is undoubtedly enhanced by such 
means although a beneficial effect on the results of cytology 
has not been demonstrated. 


Endobiliary brush cytology 


Osnes et al.** first reported obtaining a cytological sample from 
the biliary tree endoscopically using a brush and shortly 
afterwards Mendez and colleagues** described the percutaneous 


Table 3 Exfoliative cytology on pancreatic juice and bile obtained at endoscopic retrograde cholangiopancreatography or percutaneous transhepatic 








cholangiography 
Patients Positive Negative Overall 
No. of with True False Sensitivity Specificity predictive predictive accuracy 
Reference Year patients cancer positive positive (%) (%) value (%) value(%) (%) 
Pancreatic juice cytology 
Endo et al.?! 1974 29 29 22 n.a 76 100 na. n.a. 76 
Hatfield et al.?? 1976 6l 26 14 0 54 100 100 74 80 
Harada et al.?? 1977 56 56 38 na. 68 n.a. 100 n.a. 68 
Smithies et al.?* 1977 61 26 17 0 65 100 100 80 85 
Roberts-Thomson and 1979 33 17 10 0 59 100 100 70 79 
Hobbs?5 
Total 240 154 101 0 66 100 100 62 78 
Bile cytology 
Harell et al.?6 1981 19 15 7 0 47 100 100 33 58 
Cobb and Floyd?’ 1985 18 12 6 0 50 100 100 50 66 
Cohan et al.?® 1985 38 32 14 0 44 100 100 25 53 
Dalton-Clarke et al.?° 1986 19 15 li 0 73 100 100 50 79 
Desa et al.?? 1991 80 64 19 0 30 100 100 26 44 
Davidson et al.3! 1992 62 47 14 0 30 100 100 31 47 
Total 236 185 7 0 38 100 100 31 52 





n.a., Data not available 
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Kea Patients AY ; Positive Negative Overall 
EEN Ga aie a nae oe False Sensitivity Specificity predictive predictive accuracy 
positive (%) (%) value (%) value (%) (%) 
Pugliese et al.3® 1987 22 12 8 0 66 na. 100 na. 82 
Foutch et al.37 1989 9 7 4 0 57 100 100 40 66 
Foutch et al.3® 1990 39 24 13 0 54 100 100 58 72 
Scudera et al.*9 1990 25 20 12 0 60 100 100 39 68 
Rabinovitz et al.*° 1990 65 37 23 0 62 100 100 66 79 
Desa et al.>° 1991 24 10 5 1 50 93 83 74 76 
Total 184 110 65 1 59 99 98 62 75 





n.a., Data not available 


Table 5 Sensitivity of cytology for carcinoma of the pancreas and cholangiocarcinoma 











Reference Year Method Carcinoma of pancreas Cholangiocarcinoma 
Harell et al.?6 1981 Bile 3 of 5 (60) 2 of 6 (33) 

litsuka et al.?? 1984 Bile 5 of 17 (29) 22 of 27 (81) 

Cobb and Floyd?” 1985 Bile 1 of 6 (17) 3 of 5 (60) 

Rupp et al.+° 1990 Brush 21 of 23 (91) 6 of 6 (100) 
Scudera et al.°9 1990 Brush 5 of 10 (50) 2 of 2 (100) 
Foutch et al.2® 1990 Brush 4 of 7 (57) 6 of 6 (100) 

Total 39 of 68 (57) 41 of 52 (79) 





Values in parentheses are percentages 


use of a cytology brush. However, it is only recently that 
endobiliary brush cytology has been studied closely. Data from 
the major studies are shown in Table 4. Results from a total 
of 184 patients have been reported, of whom 110 had cancer. 
The mean sensitivity is 59 per cent. Sensitivities reported for 
brush cytology range from 50 to 66 per cent, with the majority 
of studies yielding a similar overall sensitivity of 60 per cent. 
This range is narrow compared with that for exfoliative bile 
cytology from ERCP or PTC sampling (30-73 per cent; 
Table 3) and the mean overall sensitivity is also higher (59 
versus 38 per cent). Comparing the true-positive results of 
brush cytology for biliary stricture with those of exfoliative bile 
cytology shows that the former are significantly better (x? = 12, 
1 d.f., P <0001). The more consistent sensitivity reported 
using brush cytology may be because the samples obtained are 
generally more cellular and therefore better suited for 
cytological diagnosis. As with exfoliative cytology on samples 
taken at ERCP or PTC, the specificity of brush cytology is 
excellent; only one false-positive result was reported with this 
technique*°. In another study involving percutaneous sampling 
using both a reverse-screw device and a cytology brush another 
false-positive result occurred, but the cytologist was not aware 
of previous instrumentation on the bile duct, which may have 
led to misinterpretation?°. 

Two published prospective controlled studies have com- 
pared bile and brush cytology for biliary stricture. Foutch and 
colleagues*! studied 30 patients with biliary stricture of whom 
17 had malignant lesions. Cytological analysis was positive in 
six of 18 biliary brushings but in only one of 18 bile samples. 
Although brush cytology appears to be significantly better, the 

` results for both techniques were considerably poorer than those 
generally reported (Tables 3 and 4) and the difference was not 
statistically significant (Yates’ x? = 3, 1 df., P =0-1-0-05). 
Kurzawinski and colleagues‘? prospectively compared bile and 
brush cytology in 32 patients of whom 29 had malignant lesions. 
In this study the sensitivity of brush cytology was significantly 
greater than that of bile cytology at 59 versus 24 per cent 
(x? = T2, 1 d.f., P < 001), as was the diagnostic accuracy at 
63 versus 31 per cent (x? = 6'3, 1 d.f., P = 0-01). 
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The sensitivity of bile or brush biliary cytology has generally 
been shown to be greater in patients with cholangiocarcinoma 
than in those with pancreatic cancer, although the number of 
patients studied is small (Table 5). Rabinovitz and colleagues*° 
showed that the sensitivity of brush cytology increases with 
repeated brushings and that the probability of having bile duct 
cancer after three negative brushings is <6 per cent. However, 
repeated endobiliary brushing is time consuming and may 
predispose to biliary tract sepsis. Cytology brushes are effective 
because they enhance the exfoliation of tumour cells, giving 
more cells for assessment. Although this reduces the number 
of unsatisfactory samples, neoplasms not present on or 
infiltrating the mucosal lining of the bile duct will not be 
detected. 

A major difficulty originally encountered with endobiliary 
brush cytology was that it required removal of the guidewire 
which had been negotiated across the stricture before brushing, 
which resulted in an often difficult reinsertion of the guidewire 
before stenting. The problem was largely overcome in 1989 by 
Foutch et al.3’, who described a novel method of introducing 
a cytology brush into the biliary tract along a guidewire that 
remained across the stricture. A small hole is made near the 
tip of the catheter which is fed along the guidewire that passes 
through the stricture. When the catheter reaches the site of the 
stricture a 6-Fr brush is passed through the catheter lumen and 
used to brush the stricture site. The superior results reported 
for brush cytology over exfoliative bile cytology seem likely to 
make it a first-line investigation for bile duct stricture. 

There are several possible explanations for the results of 
biliary cytology being negative when a malignant biliary 
stricture is present. Metastatic carcinoma, lymphoma in 
periductal nodes or hepatocellular carcinoma without mucosal 
ulceration may produce biliary stricture by external compres- 
sion. Difficulties may arise with cytology in pancreatic cancer 
related to enzymatic digestion and degeneration of exfoliated 
malignant cells?”. Cholangiocarcinoma is usually fibrotic and 
its submucosal ductal growth occurs without significant 
ulceration and exfoliation. Pancreatic islet cell tumours do not 
communicate with the pancreatic duct and so cannot be 


417 


Cytology in biliary stricture: T. Kurzawinski et al. 


Table 6 Endobiliary biopsy for biliary stricture 


Rt 





Patients Positive Negative Overall 
No. of with True False Sensitivity Specificity predictive predictive accuracy 
Reference Year patients cancer positive positive (%) (%) value (%) value (%) (%) 
Aabakken et al.** 1986 17 10 3 30 100 100 50 59 
Pugliese et al.3® 1987 7 7 6 na. 86 100 100 n.a. 86 
Rustgi et al.*® 1989 5 5 4 na. 80 100 100 n.a. 80 
Terasaki et al.4’ 1991 6 6 na. 100 100 100 n.a. 100 
Total 35 28 19 68 100 100 44 74 





n.a., Data not available 


detected by exfoliative methods”’. Although all of these reasons 
for negative cytology have been proposed, there is little evidence 
regarding their individual significance. 


Endobiliary biopsy forceps 


In an attempt to improve the diagnostic accuracy of cytology 
still further, an endobiliary biopsy forceps has been developed. 
Although the specimens may be suitable for either histological 
or cytological assessment, the amount of tissue obtained is 
usually small and so best suited for cytology. In 1978, Palayew 
and Stein*? were the first to report endobiliary biopsy using a 
forceps, which was introduced via a T tube. Shortly after this, 
Elyaderani and Gabriele** reported the percutaneous use of a 
biopsy forceps and successful endobiliary biopsies have since 
been carried out both endoscopically and percutaneously. The 
few published series have usually involved small numbers of 
patients but suggest this technique to be highly sensitive, 
especially for diagnosing cholangiocarcinoma (Table 6). It 
has occasionally been possible to remove specimens 1-2 mm 
thick by this method, allowing tissue to be obtained even 
from extramucosal lesions*?. Theoretical objections to the 
technique, namely bleeding or perforation, have not been 
substantiated**+°-+5, 

Standard endoscopic biopsy forceps, designed for removing 
biopsy specimens from the duodenum, are too big to insert into 
the biliary tract without endoscopic sphincterotomy. This 
procedure is associated with small but significant morbidity 
and mortality rates*® and a standard forceps is rarely used. A 
specially designed endobiliary forceps is now commercially 
available which is narrower and may be used without a 
sphincterotomy. Lesions on the side wall rather than in front 
of the forceps jaws are difficult to biopsy satisfactorily and the 
equipment presently available for endobiliary biopsy requires 
further refinement to ensure its routine use. However, for 
patients with suspected biliary malignancy and negative results 
from exfoliative bile and brush cytology, endobiliary biopsy 
should be considered as a second line of investigation. 


Percutaneous fine-needle aspiration cytology 


FNAC involves the analysis of cells sampled using a fine-bore 
needle either during open surgery or percutaneously, guided 
by imaging. The technique was introduced in Europe and 
America in the early 1930s°°*! but found its place in the 
diagnosis of a variety of different cancers only in the 1970s°®. 
The first percutaneous aspiration cytology of the pancreas was 
reported by Oscarson et al.5* in 1972 and of the biliary tract 
by Evander and colleagues®? in 1978. There are many 
high-resolution imaging techniques available for guiding the 
aspiration needle, but the most popular** is ultrasonography, 
which allows real-time visualization of lesions, is non-invasive 
and cheap. Other available methods include CT, fluoroscopy 
and angiography?” 53-55, The main limitation of FNAC is that 
a mass lesion must be demonstrated by imaging before biopsy 
can be performed; this occurs in only two of every three patients 
with bile duct stricture’. Combining imaging methods such as 
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ultrasonography and fluoroscopy may improve results**. 
Successful aspiration requires much practice and patience, and 
the accuracy of FNAC depends to a great extent on the ability 
of the clinician to obtain an adequate sample*?. 

Aspiration is usually performed with a needle of outer 
diameter <1 mm (19 G) which is passed through the lesion 
four to six times while applying gentle suction using a disposable 
syringe*®>”. It is quite different from core or Tru-Cut (Travenol 
Laboratories, Thetford, UK) biopsies and is safer than other 
forms of abdominal biopsy. Smith®® and Livraghi et al.5° 
reported complication rates for abdominal FNAC of 0-16 and 
0-55 per cent, respectively, and mortality rates of 0-006 and 
0-008 per cent. If multiple passages of the needle are used in 
an attempt to improve diagnostic accuracy, the risk of haemor- 
rhage, biliary peritonitis, bowel perforation or pancreatitis 
increases**5*. Tumour seeding has been observed, but only 
three definite cases were found following 63 108 procedures, an 
incidence of 0-005 per cent*®*! or approximately 1 in 20000. 
Despite this low incidence, it has been stated®? that 
intraperitoneal dissemination of malignant cells from cancer of 
the pancreas is more common in patients who have undergone 
percutaneous FNAC and some surgeons consider such 
aspiration of potentially resectable tumours to be contra- 
indicated. Seeding is more common when large-bore or biopsy 
needles are used*®. 

The results of FNAC for biliary and pancreatic lesions in 
general are inferior to those for other tumours®*. There is a 
large variation, from 42 to 67 per cent, in the reported sensitivity 
of FNAC for investigating biliary tumours (Table 7), which 
perhaps results from its dependence on operator skill and 
experience. Although about 50 per cent of patients were 
diagnosed successfully by FNAC, this figure overestimates its 
usefulness as these retrospective studies excluded many patients 
with biliary tumours who underwent imaging but were 
considered unsuitable for FNAC because of the absence of a 
visible focal lesion. 

A comparison of percutaneous FNAC (Table 7) with brush 
cytology (Table5) in patients with cholangiocarcinoma 
suggests that the latter may be the preferred initial method of 
diagnosis. This contrasts with the situation for pancreatic 
carcinoma (Table 8), which is commonly associated with a 
visible mass on imaging and in which the results of FNAC, 
with a mean sensitivity of 74 per cent, are generally better than 
those for brush cytology (Table 5). The main difficulty in 
diagnosing patients presenting with obstructive jaundice caused 
by a pancreatic mass is differentiating pancreatic carcinoma 
from chronic pancreatitis. Although the history and clinical 
findings may be helpful, diagnosis depends on obtaining 
histological or cytological confirmation. Unfortunately, this 
distinction may be difficult with both standard needle biopsies 
and FNAC as tissue in chronic pancreatitis often shows some 
characteristics of malignancy’. 


Intraoperative fine-needle aspiration cytology 


Despite making every effort to establish a diagnosis before 
operation, surgery may have to be performed on patients with 
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Table 7 Percutaneous fine-needle aspiration cytology in the diagnosis of bile duct tumours 








Patients Positive Negative Overal! 
No. of with True False Sensitivity Specificity predictive predictive accuracy 
Reference Year patients cancer positive positive (%) (%) value (%) value (%) (%) 
Evander et al.®* 1980 33 33 14 na. 42 n.a. 100 n.a. 42 
Chitwood et al.}! 1982 12 12 8 na. 67 n.a. 100 na. 67 
Dalton-Clarke et al.?9 1986 6 6 n.a 67 100 100 n.a. 67 
Hall-Crages and Lees** 1986 32 30 17 0 57 100 100 13 59 
Total 83 81 43 0 53 100 100 5 54 


n.a., Data not available 


Table 8 Percutaneous fine-needle aspiration cytology in the diagnosis of a pancreatic mass 
a a ee E 























Patients Positive Negative Overall 

No. of with True False Sensitivity Specificity predictive predictive accuracy 
Reference Year patients cancer positive positive (%) (%) value (%) value (%) (%) 
Tylen et al.® 1976 29 29 22 na. 76 n.a. 100 n.a. 76 
Evander et al.5? 1978 52 52 31 n.a. 60 na. 100 n.a. 60 
Mitty et al.6ŝ6 1981 53 43 37 0 86 100 100 63 89 
Schwerk et al.” 1983 70 52 36 0 69 100 100 53 TT 
Hancke et al.®* 1984 203 126 ` 9% 2 71 97 98 67 81 
Holm et al.°° 1985 190 117 84 2 72 97 98 68 82 
Ekberg et al.7° 1988 79 69 59 0 85 100 100 50 87 
Total 676 488 359 4 74 98 99 59 80 
n.a., Data not available 
Table 9 Intraoperative fine-needle aspiration cytology of a pancreatic mass 

Patients Positive Negative Overall 

No. of with True False Sensitivity Specificity predictive predictive accuracy 
Reference Year patients cancer positive positive (%) (%) value (%) value(%) (%) 
Forsgren and Orell’* 1973 40 29 28 0 97 100 100 92 98 
Ihse et al.”° : 1979 129 80 69 0 86 100 100 82 92 
Keighley et al.7® 1984 46 31 27 0 87 100 100 79 91 
Smith et al.7’ 1985 31 25 19 0 76 100 100 50 81 
Parson and Palmer7® 1989 30 20 13 0 65 100 100 59 77 
Hyoty et al.’ 1991 98 50 35 0 70 100 100 76 85 
Total 374 235 191 0: 81 100 100 76 87 
Unsatisfactory samples or those containing cells that were suspicious but not conclusive of malignancy have been considered negative 
a biliary stricture of uncertain pathology. A mass in the liver, were investigated without complication by Cope and 


biliary tree or pancreas may also be an incidental finding at 
laparotomy. In these situations FNAC performed at laparotomy 
can be useful for obtaining a tissue diagnosis. It is safer than 
wedge, Tru-Cut or shave biopsies, which are associated with 
significant morbidity and mortality rates™!7?. Table 9 
summarizes the findings of six major studies on the use of 
intraoperative FNAC for a pancreatic mass. No false-positive 
result has been encountered. The main difficulty with the 
technique is sampling error and, again, cytological differentiation 
between carcinoma of the pancreas and chronic pancreatitis. 
Choledochoscopy with lavage has also been used as a method 
for obtaining a diagnosis during surgery in patients with biliary 
stricture; Nishimura and colleagues?’ obtained a diagnosis of 
neoplasia in five of seven patients with cancer. 


Endobiliary fine-needle aspiration cytology 


Another method for obtaining a cytological sample of a biliary 
stricture is endobiliary FNA. This technique involves aspiration 
. of tissue into a needle introduced through a catheter inserted 
either percutaneously®! or endoscopically®?. Thirty patients 
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colleagues?! using a 21- or 22-G Chiba needle through a 
standard percutaneous catheter; a diagnosis was obtained in 
80 per cent of pancreatic cancers and 60 per cent of bile duct 
tumours. The authors reported that the procedure is time 
consuming and may not be possible for some distal bile duct 
strictures. For these, FNAC has been performed successfully 
both transduodenally and transgastrically, Tsuchiya et al.8 
reporting a sensitivity of 84 per cent with no false-positive result. 
Endoscopic techniques have been facilitated by the develop- 
ment of a special ball-tipped needle, use of which enabled a 
diagnosis to be made in 16 of 26 patients with biliary stricture®?. 
The main attraction of endobiliary FNAC is its potential for 
diagnosing lesions that produce extrinsic compression of the 
biliary tree for which standard diagnostic methods have failed. 
Whether this potential will be realized has yet to be established. 


Conclusions and future developments 


The use of cytology for diagnosing the nature of a biliary tract 
stricture has been reviewed. Initial attempts at diagnosis using 
samples aspirated from the duodenum were sensitive but time 
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consuming, associated with false-positive results, and did not 
allow the site of malignancy to be established. Over the past 
20 years, bile aspiration for cytology with sampling at ERCP 
or PTC has allowed a diagnosis to be made in about one-third 
of malignancies of the pancreas or biliary tree; this test is 
remarkably safe and highly specific. The more recent develop- 
ment of biliary brush cytology has produced results that have 
been shown to be better than those of exfoliative bile cytology 
in two comparative studies. An endobiliary biopsy forceps has 
recently been developed and may allow lesions producing 
extrinsic compression on the biliary tree to be sampled safely. 
Results with such instruments are preliminary. The endobiliary 
aspiration cytology needle may also allow lesions that do not 
ulcerate the biliary mucosa to be diagnosed but, again, the data 
on this technique are preliminary. A diagnostic role will 
probably be established for both these techniques in patients 
with strictures for which simpler methods have failed. The main 
alternative to endobiliary cytology methods is percutaneous 
FNAC. This procedure is also remarkably safe and allows a 
diagnosis to be made in about 50 per cent of patients presenting 
with obstructive jaundice and in whom a mass lesion can be 
demonstrated by imaging. While it is beneficial to establish a 
diagnosis either before or without surgery, if all available 
methods have failed intraoperative cytology will establish the 
nature of a mass lesion in about 80 per cent of cases. 

The main future developments required in the field of biliary 
cytology are techniques to facilitate cell sampling and methods 
for microscopic assessment of cytological samples. Improved 
imaging and instruments for tissue sampling will provide more 
cellular specimens but the problem of differentiating neoplastic 
from inflammatory changes remains. It is in this area and in 
the evaluation of patients with conditions that predispose to 
biliary malignancy, such as primary sclerosing cholangitis, that 
advances are likely to be made in cytological diagnosis**. 
Immunohistochemical and molecular techniques may evaluate 
the presence of tumour-associated antigens or oncogene 
products in exfoliated malignant cells. Such methods may give 
prognostic and, perhaps, diagnostic information such that 
patients at high risk of biliary malignancy may be 
detected®*-5*87, 
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Improvements in the availability of high-resolution ultra- 
sonography and computed tomography (CT) have led to the 
clinical problem of ‘adrenal incidentaloma’'. This is an 
asymptomatic adrenal mass discovered during the course of 
investigation of an unrelated condition. Data are reviewed on 
which a rational management for such lesions might be based. 


Prevalence 


Hedeland and colleagues? in 1968 reported the results of a 
20-year prospective study of 739 consecutive autopsies; 64 
adrenocortical adenomas were discovered. During the 20-year 
period, 70 per cent of deaths within the city of Malmo in Sweden 
were followed by post-mortem examination. Patients below the 
age of 20 years were excluded but otherwise the matertal was 
unselected. The prevalence of adrenocortical adenoma was 
8-7 per cent. A more recent retrospective study? of 1116 
unselected consecutive autopsy reports of patients of 18 years 
or more described 73 adrenal glands with a grossly visible mass, 
a prevalence of 65 per cent. The prevalence of adrenal mass 
discovered by CT is somewhat less. This may reflect differences 
in the population examined by CT and that undergoing post- 
mortem examination, as well as the limits of resolution of 
scanning. In a study of 2200 patients, Glazer and colleagues* 
identified 16 with an adrenal mass by CT. a prevalence of 
0-7 per cent. Abecassis et al? in 1985 and Belldegrun and 
colleagues* described 19 of 1459 patients (1-3 per cent) and 88 
of 12.000 (0-7 per cent), respectively, with an incidental adrenal 
mass discovered by CT. It would appear, therefore. that the 
prevalence of adrenal incidentaloma discovered by abdominal 
CT is at present around l-2 per cent: this may increase with 
improvements in the resolution of scanning. 


Pathology 


The clinical importance of adrenal incidentalomas depends on 
their pathology; they may represent both malignant and 
functional tumours but also abnormalities that do not require 
resection. Simple adrenal cyst, adenolipoma and adrenal 
haematoma can usually be identified by CT alone®. Primary 
adrenal carcinoma is a rare condition. Reviewing 171 adrenal 
incidentalomas? 57-1, only eight (4-7 per cent) were primary 
carcinoma, Metastatic adrenal carcinoma is extremely 
uncommon in the absence of an obvious primary lesion. Of 
171 incidental adrenal masses, seven (41 per cent) were 
metastases with no obvious primary malignant condition. In 
contrast, of 988 autopsy reports describing the adrenal gland. 
73 glands were found to have a pathological abnormality of 
which 50 (68 per cent) were metastases, although most of the 
patients were already known to be suffering from malignant 
disease?, Of the remaining 23 adrenal glands with a pathological 
abnormality, 19 were cortical adenoma, two myelolipoma, one 
a haematoma and one a phaeochromocytoma. However, 
excluding metastatic malignant disease, most adrenal masses 
at autopsy proved to be benign cortical adenoma. This is also 
true of adrenal incidentaloma. Of 171 incidentalomas 
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described? $7- t!, 44 (25-7 per cent) proved to be cortical 
adenoma, only one of which was functioning (Cushing's 
syndrome). One adrenal incidentaloma was found to be a 
phaeochromocytoma and was associated with firm biochemical 
evidence of catecholamine excess. 

Among patients known to have a malignancy, metastasis is 
the most common cause of an incidental adrenal mass. 
Belldegrun et alf described 33 patients with a known 
malignancy in association with an adrenal mass of whom 24 
were found to have an adrenal metastasis. Katz and 
Shirkhoda'? described 16 patients with a non-functioning 
adrenal mass in association with a variety of primary 
extra-adrenal malignant neoplasms: nine proved to have an 
adrenal metastasis. 

Management of adrenal incidentaloma depends first on 
whether there is an excess of adrenal hormone and second on 
distinguishing between benign and malignant (primary or 
secondary) adrenal masses. 


Hormonal evaluation 


Patients with simple adrenal cyst and adenolipoma, which can 
be identified by their characterstic appearance on CT, do not 
require evaluation to detect hormonal hypersecretion®'°. 
Other adrenal lesions, such as phaeochromocytoma, function- 
ing adrenal carcinoma or adenoma, may be hormonally active 
producing an excess of glucocorticoids, mineralocorticoids or 
sex steroids. 

Phaechromocytoma has a typical appearance on CT that 
suggests it as a likely diagnosis (Figure 1) and is usually 
visualized by isotopic scanning with m-iodobenzylguanidine. A 
detailed analysis of the evaluation of patients with an 





Figure 1 Computed tomography showing small bur typical phaeo- 
chromocytoma of the right adrenal gland with patchy enhancement 
(arrow). The normal left adrenal gland is readily seen as a curled leaf 
shape 
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incidentally discovered adrenal mass has been provided by Ross 
and Aron'*. Based on a careful review of the literature. negative 
and positive predictive values were calculated for various 
clinical findings and screening tests in the evaluation of a patient 
with an adrenal mass. According to a large autopsy series of 
40078 patients at the Mayo Clinic, the prevalence of 
phaeochromocytoma in a population of patients with an 
incidentally discovered adrenal mass should be 6-5 per cent!*, 
Despite this low prevalence, phaeochromocytoma is a 
potentially lethal disorder with an unpredictable course and, 
therefore, the authors recommended that all patients with an 
incidentally discovered adrenal mass are screened for 
phaeochromocytoma. It was calculated that the negative 
predictive value of 24-h urinary vanillylmandelic acid excretion 
Measurement is 98:2 per cent; the complete absence of 
symptoms and of hypertension raises the negative predic- 
tive value for the diagnosis of phaeochromocytoma_ to 
99-6 per cent'?. The positive predictive value of a single raised 
urinary vanillylmandelic acid excretion measurement is, 
however, substantially lower at 71-8 per cent and additional 
biochemical testing, such as the measurement of urinary or 
plasma catecholamine levels, is therefore required before 
surgery is considered. 

Virtually all patients with primary hyperaldosteronism have 
hypertension at the time of diagnosis; if hypertension is absent, 
biochemical exclusion of the diagnosis is not required. Ross 
and Aron’? calculated that the prevalence of aldosterone- 
producing adenoma in patients with an incidentally discovered 
adrenal mass is 7 per cent. The positive predictive value of 
spontaneous hypokalaemia for the diagnosis of aldosterone- 
producing adenoma in a hypertensive patient with an adrenal 
mass was calculated to be approximately 95 per cent, The 
authors recommended, therefore, that only hypertensive 
patients who have spontaneous hypokalaemia require specific 
measurement of plasma aldosterone levels. 

Despite its 50-fold increased prevalence in patients with 
an incidentally discovered mass, glucocorticoid-producing 
adenoma is extremely rare. The probability that an incidental 
adrenal mass is an adrenal adenoma producing an excess of 
glucocorticoids is approximately 0-035 per cent'>. In the 
absence of hypertension or obesity this probability falls to 
approximately 0-01 per cent'?. Thus, glucocorticoid hyper- 
secretion is extremely rare in the absence of bruising, striae, 
myopathy and the other stigmas of Cushing’s syndrome. 

Surgery is indicated for the few patients in whom an adrenal 
incidentaloma is associated with hormone hypersecretion. 


Diagnostic imaging 


Primary adrenal carcinoma is rare, with an annual incidence 
estimated to range from 0-06 to 0:27 per 100000 population’, 
In 1990, there were only 104 deaths from primary adrenal 
malignancy in England and Wales!5. If it is assumed that the 
disease takes up to 7 years to become clinically apparent, the 
expected prevalence of primary adrenal carcinoma in a 
population of patients with an adrenal mass would be 58:3 per 
100000, i.e. <0-06 per cent of all adrenal incidentalomas!:!3, 
Using published data, Ross and Aron’? calculated that, based 
on the size of a lesion detected by CT, fewer than 1 in 10000 
lesions <6 cm in diameter would represent adrenal carcinoma, 
a negative predictive value >99-9 per cent. Thus it would 
appear that size alone is a sensitive screening criterion in the 
detection of adrenal carcinoma. Most carcinomas are large at 
presentation and have an unequivocal appearance on CT 
(Figure 2). 

Features on CT other than size that may suggest malignancy 
are an irregular contour, invasion of adjacent structures and 
metastasis to retroperitoneal lymph nodes and distant 
organs®*| signs that are particularly important when 
diagnosing metastatic malignancy (Figure 3). Adrenal carcin- 
oma may be rapidly growing and a rapid change in size observed 
on serial scan at 3-month intervals is an indicator of malignancy. 
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Figure 2 Computed tomography showing à typical carcinoma of the 
adrenal gland with large size at presentation, irregular margins and 
invasion of surrounding structures. The woa malignan 
adrenocortical carcinoma presenting as Cushings syndrome in a 
62-year-old man 












Figure 3 Computed tomography showing metastatic lymphoma in the 
left adrenal gland, The irregular outline suggests maliqnaney. Enlarged 
lymph nodes were demonstrated on the same scan 








Figure 4 Computed tomography showing benign adenoma of the left 
adrenal gland. The patient was shown to be suffering from Conn's 
syndrome. Although the tumour is larger than normally encountered in 
this condition, its outline is smooth and its consistency homogeneous. The 


lesion was benign on histological examination 
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Figure 3 Computed tomography showing a left adrenal eyst with some 
calcification in the wall 


proesnisncissniesrmneinili 





Figure 6 Computed tomography showing myelolipoma of the lefi 
adrenal gland. Dark spaces are typical because of the high fat content 
of the tumour 


Nearly all solid lesions <6cm in diameter are benign 
adenomas. They have a smooth contour, well defined margins 
and show no growth on serial CT (Figure 4). Cysts, 
myelolipoma and haematoma have a specific and characteristic 
appearance on CT (Figures 5-7). 

Functional scintigraphy using ['3'1]6-f-iodomethyl-19- 
norcholesterol (NP-59) in conjunction with CT can help 
differentiate a benign from a malignant adrenal mass!~!9, 
Gross et al.'® studied 119 patients with a unilateral adrenal 
mass discovered on CT. Increased uptake on the side shown 
to have the adrenal mass, ie. concordant imaging, was 
associated with benign pathology. Seventy-six of the 82 
adenomas in the series demonstrated concordant imaging, 
Asymmetric NP-59 uptake localizing to the side opposite the 
abnormal gland on the scan (discordant imaging) was 
demonstrated in 26 patients. These adrenal masses proved to 
be metastatic malignancy in 19 patients, primary adrenal 
neoplasm other than adenoma in four and an adrenal cyst in 
three. Concordant CT and radionuclide scanning virtually 
excluded malignant disease?” 

Magnetic resonance imaging (MRI) has a sensitivity 
comparable to that of CT in the detection of adrenal mass2!. 
Early reports suggested that MRI may help with tissue 
characterization and distinguish benign from malignant 
lesions’*?3. However, Khafagi and colleagues?* described a 
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Figure 7 Computed tomography showing haematoma of the right 
adrenal gland. Although calcified this was found on excision to result 
from haemorrhage into a metastasis from a carcinoma of the bronchus 
treated some years previously 


group of 45 patients with large adrenal masses (>Sem in 
diameter) and found neither CT nor MRI helpful in 
distinguishing benign from malignant. 


Fine-needle aspiration biopsy 


Berkman et al.” described a series of 16 patients with an adrenal 
mass who underwent percutaneous biopsy under CT guidance 
with 18-22-G needles. Using this technique, adrenal adenoma, 
cyst, metastasis, melanoma and adrenal haemorrhage were 
identified. There were no false-positive examinations or 
complications in this series. Heaston et al.?® described a series 
of 14 patients who underwent CT-guided needle biopsy: 
diagnostic cytological specimens were obtained in 13. It was 
possible to diagnose primary and metastatic neoplasm in ten 
patients, benign adenoma in two and mycotic abscess in one. 
There were no false-positive diagnoses. Two patients thought 
to have adrenocortical carcinoma underwent surgery and the 
cytological diagnosis was confirmed by histological examin- 
ation. Bernardino et al.?” performed 58 percutaneous needle 
biopsies of adrenal masses in 53 patients under CT guidance 
and reported a correct tissue diagnosis from the initial biopsy 
in 83 per cent of patients. Four of the remaining nine patients 
underwent a second biopsy and an accurate diagnosis was 
obtained eventually for 48 of the 53 patients (91 per cent). 
Complications were noted in six of the 53 (11 per cent). There 
were seven minor complications (12 per cent) from 58 
procedures, related mainly to blood loss requiring transfusion. 
Bernardino et al.” have recommended that percutaneous 
CT-guided needle biopsy is an acceptable alternative to open 
biopsy. Others have emphasized the limitations of needle 
biopsy, particularly in the diagnosis of primary adrenal 
carcinoma, which normally depends on the demonstration of 
capsular and vascular invasion. 

Fine-needle aspiration biopsy may be of particular value in 
patients with a known extra-adrenal malignancy. Metastasis is 
a frequent cause of an incidental adrenal mass*:!?, Fine-needle 
aspiration biopsy is simple and less invasive than adrenalectomy 
and can provide a histological diagnosis of the adrenal mass 
where this may influence management. It is not, therefore, 
appropriate when a hormonally active tumour has been 
identified and should not be employed when phaeochromo- 
cytoma is suspected. 


Policy for managing adrenal incidentaloma 


An unsuspected adrenal mass is detected in 1-2 per cent of 
abdominal CT examinations. Seddon and colleagues!?! 
advocated surgical exploration of all adrenal incidentalomas in 
view of the disparity observed between the clinical and final 
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Figure 8 Flow chart for management of adrenal incidentaloma. CT, computed tomography; FNAB, fine-needle aspiration biopsy 


histological diagnoses in a group of 11 patients with an adrenal 
mass, all of whom underwent surgical exploration. Malignancy 
was discovered in four patients. However, the size of the adrenal 
masses was not given and it is interesting to note that none of 
the four adrenal malignancies was amenable to surgical 
excision. A policy of exploring all adrenal incidentalomas has 
not found general acceptance. Management of the incidentaloma 
must be guided by the high prevalence of benign and clinically 
unimportant adrenal adenoma compared with the rarity of 
occult non-functioning adrenocortical carcinoma or function- 
ing adenoma. The quest for diagnostic certainty must be 
tempered by the need to avoid iatrogenic complications’. 

The following policy for intervention (Figure 8) seems to fit 
safely within the framework of current knowledge: 


1. Exclude benign lesions identified by CT. Adenolipoma and 
simple cyst have characteristic appearances on CT. Adrenal 
haemorrhage is not easily diagnosed by scanning as it may 
be mimicked by a phaeochromocytoma and, even when a 
haematoma is accurately diagnosed, may represent 
bleeding into an adrenal tumour. 

2. Assess the size of the lesion by CT. The size at which 
an adrenal mass requires surgical exploration, or at 
least a histological diagnosis, has been variously des- 
cribed}3-5-8.13,29-31 ag 2-5, 3, 3-5, 4, 5 and 6 cm. However, 
the negative predictive value for primary adrenal carcinoma 
in adrenal masses <6cm in diameter is >99-9 per cent 
and there is little evidence to show that MRI, radionuclide 
imaging or percutaneous needle biopsy improves diagnostic 
accuracy without greatly increasing cost and morbidity. 
The potential benefit, as yet unproven, of early removal of 
the rare primary adrenal carcinoma must be balanced 
against the morbidity and mortality associated with surgery 
for the more common benign lesions. CT appearances 
suggestive of malignancy, such as irregular borders, local 
invasion and metastases, are indications for cytological or 
histological examination of smaller lesions. However, all 
adrenal masses > 6 cm in size require surgical exploration, 
with the exception of those in patients whose clinical history 
raises the possibility of adrenal metastasis. Fine-needle 
aspiration biopsy is an acceptable investigation in these 
patients if it is thought that the result might influence 
management. 

3. Limited investigation of small lesions. Clinical assessment 
may point to a functioning adenoma but measurement of 
levels of serum cortisol and potassium, and urinary 
catecholamine or vanillylmandelic acid, are needed to 
exclude preclinical Cushing’s syndrome, Conn’s syndrome 
and phaechromocytoma. Once these are excluded, further 
investigation by, for example, needle sampling can be 
reserved for lesions noted to be enlarging on serial CT. 
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Perioperative blood transfusion 
and outcome after resection for 
colorectal carcinoma 


The degree of immunomodulation by perioperative blood transfusion 
and its effect on oncological surgery remain controversial. A major 
problem with previous clinical studies has been the inadequate patient 
population in each and the presence of confounding variables. To resolve 
some of the controversy, all studies published between 1982 and 1990 
were reviewed using the statistical method of Mantel- Haentszel— Peto 
to determine a cumulative estimate of the direction and magnitude of 
this association. Some 20 papers were included in the analysis, 
representing 5236 patients. The cumulative odds ratios (95 per cent 
confidence interval) of disease recurrence, death from cancer and death 
from any cause were 1-80 (1:30-2:51), 1:76 (1:15-2:66) and 1-63 
(1:12-2:38) respectively. These results support the hypothesis that 
perioperative blood transfusion is associated with an increased risk of 
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The degree of immunomodulation by perioperative blood 


transfusion and its resultant effect on oncological surgery | 


remain controversial. A positive association between peri- 
operative blood transfusion and recurrence of colorectal 
carcinoma was first reported by Burrows and Tartter! in 1982. 
Since that time numerous clinical studies, both supporting and 
disputing this association, have appeared in the literature. The 
strength, magnitude and mechanisms of this association are not 
clear from these studies. The retrospective nature of most makes 
it difficult to ascertain whether the association is one of cause 
and effect or merely an epiphenomenon. 

The aim of the present work was to define the direction and 
magnitude of the association between blood transfusion and a 
negative outcome after resection of colorectal carcinoma, by 
combining the data from many different studies. The results 
from these were pooled and evaluated by the statistical methods 
of Mantel~Haentszel—Peto?'? to gain a cumulative estimate of 
the direction and magnitude of this association. 


Statistical methods 


Publications concerning the association of blood transfusion 
and outcome after resection for colorectal carcinoma appearing 
in the English language literature between 1982 and 1990 were 
retrieved by a computerized literature search (MEDLINE), a 
manual search of Index Medicus and by scanning the reference 
lists of identified studies. A total of 24 papers were 
identified!'+-?°, Four studies?*-*° were excluded from further 
review because their results appeared in part or in whole in a 
previous publication. 
. The remaining 20 papers were reviewed independently by 
two of the authors (O.K.S., M.C.). The study design and period 
during which the study was undertaken were ascertained and 
the presence or absence of a number of criteria pertaining to 
study design were noted. A particular criterion was judged to 
be present only when both reviewers agreed; if not, the criterion 
was considered to be missing. Criteria examined included: 
definitions of inclusion and exclusion requirements; the patient 
population from which the study population was derived; type 
and duration of follow-up; definition of transfusion; and the 
type of outcome measures used. It was also noted whether 


survival curves were calculated from the data, whether a Cox ` 
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recurrence of colorectal carcinoma and death from this malignancy. 


regression analysis was performed to control for covariates, 
and what influence this analysis had on the study outcome. 
Covariates considered important for regression analysis were: 
age, sex, site of lesion (colon versus rectum), preoperative 
haematocrit, clinical stage (Dukes’ classification) and blood 
transfusion. For the purpose of the present study a negative 
outcome was defined as death, death from cancer or recurrence 
of disease. For a study to be included in the present analysis 
it was required that the absolute number of negative outcomes 
in both transfused and non-transfused patients be available in 
the publication. 

There was great variability among the studies with respect 
to the date and type of operation, type and location of 
neoplasm, and definition of perioperative blood transfusion. 
Statistical methods for combining results of different studies 
that assume homogeneity between them could therefore not be 
employed. The method of Mantel—Haentszel—Peto?* does not 
make such an assumption because it does not compare subjects 
in one study with those in another. For this method it is assumed 
that studies addressing similar questions, with comparable 
outcome measures, should give results of the same qualitative 
direction, except for random error. For each study, the number 
of negative outcomes (death, cancer death or recurrence) within 
each group (transfused and not transfused) was summed. If 
transfusion is not associated with negative outcome after 
surgery and the number of patients in the transfused and 
non-transfused groups is equal, the difference in the number of 
negative outcomes between the two groups of patients should 
not differ significantly from zero. 

For each study an observed minus expected (O — E) number 
of negative outcomes was calculated for the transfused group 
of patients. Details of these calculations and the calculation of 
the variance of the resulting statistic are described elsewhere”. 
Briefly, when a standard 2 x 2 table is constructed thus: 


Transfused Non-transfused 
Negative outcome a b 
No negative outcome _ c d 


then O =a, and E=(a+b)(a+c)/N, where N=(a+b+c+d). 
If transfusion is associated with negative outcome, 
O — E> 0 would be expected. O — E and its variance can be 
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used to test for statistical significance. The O — E values from 
each study were summed to see whether the grand total (To) 
differed significantly from zero. If there was no association 
between transfusion and adverse outcome, O — E should differ 
only randomly from zero and the sum of O — E for all studies 
should approach zero as the number of studies included in the 
analysis approaches infinity. The grand total and its variance 
(V) can be used to test whether a significant association exists 
by the calculation of z, the number of standard deviations (s) 
that To differs from zero: z = Tg/s. 

An odds ratio of negative outcomes for transfused versus 
non-transfused patients, along with the variance of this ratio, 
was calculated for each outcome measure from the data in each 
study. A cumulative odds ratio, summarizing the results of this 
series of heterogeneous studies, is estimated by exp(T,/V) and 
the asymptotic 95 per cent confidence interval (c.i.) is given by 
exp(Tg/V + 1-96/s). The percentage (p) by which this odds 
ratio differs from unity has a standard deviation of p/z. One 


Eighteen papers detailed retrospective cohort studies and 
two prospective cohort studies™!° (Table 2). The population 
from which the study patients were derived was defined in 
12 publications®!5-1%-42, inclusion criteria given in 18 
cases'4-9:12-22° exclusion criteria in 17 papers* 15-18-22, 
definition of transfusion in 15 cases*®-9:11-18.21.22 and type 
and/or duration of follow-up was defined in 17 (Table 1). In 
only seven studies were all five of these baseline criteria clearly 
defined. 

Recurrence of carcinoma was used as an outcome in ten 
studies, death from cancer in eight and death in ten. A 
statistically significant association of a negative outcome with 
blood transfusion was reported in 11 publications!:*:%®9.11.12. 
16-18,20 Tn eight, no statistically significant association was 


Table 2 Odds ratio of a negative outcome in transfused versus 
non-transfused patients in 17 studies 











outcome measure was selected from each study to calculate the Odds ratio 
cumulative odds ratio for all 17 studies (see below). If more Reference Outcome (95% cii.) 
than one outcome measure was given in any study, recurrence : vi 
rate was selected above cancer death rate, which in turn was Weiden et al. Recurrence 063 (0:30-1:31) 
selected above death rate. Cumulative odds ratios were then can gp 10 Death 100.1045183) 
et al. Recurrence 1-02 (0-50-2-06) 
calculated separately for recurrence rate, cancer death rate and Liewald et al.!7 Recurrence 1:30 (0:74-2:26) 
death rate for the studies in which data were available. Ota et al. Cancer death 1:35 (0:62-2:94) 
Two-tailed P values were used in the analysis to determine Francis et al.!3 Recurrence 1:55 (0:60--4-00) 
statistical significance. Jakobsen et al.'® Cancer death 161 (0-81-3-19) 
Nathanson et alt! Ha eH eee 
Statistical analysis SEET Cancer death 2-03 (199320) 
Twenty studies were included in the initial analysis, representing Van Lawick Van Pabst et al.'® Cancer death a (0825638) 
5236 patients (Table 1). Surgery in the studies took place ee eral Se 236:0 T31) 
cae ; : oster et al. Cancer death 2-41 (1:13-5:14) 
between 1951 and 1986, the majority of operations occurring Beynon et al.!6 Recurrence 2°46 (1-59~3-79) 
in the late 1970s and early 1980s. Three publications concerned Wobbes et al.* Recurrence 2-54 (1-41-4-57) 
only patients with colonic carcinoma; the remaining 17 Burrows and Tartter! Recurrence 5-13 (2:20-12-0) 
concerned colorectal carcinoma. The mean(s.d.) number of Blumberg et al.® Recurrence 7-67 (309-190) 
patients in each study was 262(147) and the mean(s.d.) 
proportion of patients receiving transfusion 66-3( 12-0) per cent. c.i., Confidence interval 
Table 1 Baseline data from 20 studies 
Reference Study period Cancer type No. of patients No. transfused* Follow-up 
Weiden et al.'* 1977-1979 Colorectal 171 103 (60:2) 5 years 
Vente et al.” 1979-1982 Colorectal 212 158 (74-5) 5 years 
Frankish et al.!° 1981-1982 Colorectal 174 103 (59-2) 3 years 
Liewald et al.!7 1978-1985 Colorectal 439 304 (69-2) Mean months 
Rosgs!5 1977-1980 Colorectal 159 95 (59-7) 5 years 
Ota et al. 1955—1975 Colonic 207 162 (78-3) 10 years 
Nathanson et al.*} 1972-1977 Colorectal 366 199 (54-4) n.a. 
Jakobsen et al.}9 1978-1981 Colorectal 315 268 (85-1) Median years 
Francis et al.!> 1974~1981 Colorectal 87 53 (61) Mean months 
Parrott et al.'? 1974—1985 Colorectal 517 373 (72:1) n.a. 
Beynon et al.'6 1969-1980 Colorectal 519 385 (74-2) 5 years 
Wobbes et al.* 1975-1986 Colorectal 270 184 (68-1) 5 years 
Van Lawick Van Pabst et al.!8 1977—1985 Colorectal 164 117 (71:3) Mean years 
Voogt et al.? 1973-1978 Colonic 113 86 (76:1) 5 years 
Foster et ai.® 1974-1979 Colonic 146 65 (44-5) Median months 
Burrows and Tartter’ 1976-1981 Colorectal 123 58 (47:2) 5 years 
Blumberg et al.° 1970-1981 Colorectal 197 129 (65-5) n.a. 
Corman et al.?° 1951-1971 Colorectal 400 347 (868) 10 years 
Crowson et al.?? 1981-1983 Colorectal 525 373 (71:0) 5 years 
Marsh et al.?? 1980-1984 Colorectal 132 62 (47-0) ° Mean years 
Total 5236 3624 
Median 207 158 
Mean(s.d.) 262(147) (66:3(12-0)) 


tt tp 


*Values in parentheses are percentages. n.a., Not available 
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Table 3 Recorded postoperative negative outcomes in patients after resection for colorectal cancer in 17 studies 


hc, 


Negative outcomes - 


Statistical calculations 














Reference Outcome Transfused Non-transfused O-~-E Variance P* 
Blumberg et al.® Recurrence 56 of 129 6 of 68 15-4 13-5 <0-001 
Burrows and Tartter* Recurrence 28 of 58 10 of 65 10-1 10-3 <0-001 
Wobbes et al.* . Cancer death 77 of 184 19 of 86 11-6 15-9 0:004 
Beynon et al,'6 Recurrence 179 of 385 35 of 134 20-3 27-4 <0-001 
Foster et al.® Cancer death 23 of 65 15 of 81 6-08 9-59 0-05 
Voogt et al.? Cancer death 25 of 86 4 of 27 2:93 45 ns. 
Van Lawick Van Pabst et al.'8 Cancer death 25 of 117 51 of 47 3-6 5-96 n.8. 
Parrott et al.!? Cancer death 130 of 373 30 of 144 14-6 25-2 0-004 
Ross!* Death 63 of 95 34 of 64 5-04 9-89 n.s. 
Nathanson et al,'! Death 113 of 199 73 of 167 11-9 25-6 0-02 
Jakobsen et al.'9 Cancer death 102 of 268 13 of 47 4-66 9-75 n.s. 
Francis et al.!3 Recurrence 19 of 53 9 of 34 1-94 5-08 n.s. 
Ota et al.ê Cancer death 45 of 162 10 of 45 1:96 73 n.s. 
Liewald et al.7 Recurrence 56 of 304 20 of 135 3:37 14-4 n.8. 
Frankish et al.'® Recurrence 25 of 103 17 of 71 0-14 7:82 ns. 
Vente et al.’ Death 76 of 158 26 of 54 0 10-3 n.s. 
Weiden et al.1* Recurrence 19 of 103 18 of 68 —33 5-99 ns. 
Total 110 209 <0-001 





0 = E, observed minus expected; n.s., not significant; *two-tailed table of z. Cumulative odds ratio 1-69 (95 per cent confidence interval 1:31-2:19); 
typical odds increase(s.d.) of negative outcome after perioperative transfusion 69(9-1) per cent 


found?:?1013-15.19.21. In the remaining study, a significant 
association was seen with the transfusion of whole blood and 
plasma, but none when ‘any transfusion’ was used as the 
variable??, 

In 12 papers*%8-9.11.14,17-22 an attempt was made to 
control for covariates by performing Cox multiple regression 
analysis. In ten cases, regression analysis did not alter the initial 
conclusion. In one study, which initially demonstrated a 
significant association, Cox analysis showed an association of 
blood transfusion with death, but not with recurrence of 
carcinoma!’ In another, an association was found when the 
number of units transfused was used as the variable, but not 
when presence or absence of blood transfusion was employed?°. 
Other variables associated with adverse outcome by Cox 
regression in more than one study included: Dukes’ 
class#8:9-11:18-21 location of the primary neoplasm in the 
rectum®®-11-19,20° histological grade*® and age of the 
patient®-?!, Variables found to be significantly associated with 
transfusion by more than one author were: lesion located in 
the rectum*:®-810-13.17-20 or right colon®!3, preoperative 
haemoglobin level*9-8-9:2,13.15.19-21 duration of surgery®!2+19, 
operative blood loss'?+1® and age®®. 

Data were available for further analysis in 17 studies. Table 3 
shows the results of each of these in terms of the number of 
patients suffering a negative outcome in transfused and 
non-transfused groups. In 15 of the 17 studies, an adverse 
outcome was seen more commonly in the transfused group of 
patients (Tables 3 and 4). The number of patients suffering a 
negative outcome in the transfused group was significantly 
higher in six cases (O — E > 0, P <0-05). In one study’ a 
negative outcome was equally common in the transfused and 
the non-transfused groups. In one study'* a negative outcome 
was more common in the non-transfused group (O — E < 0). 
The grand total of all 17 O — E values in Table 3 was 110 (the 
variance of Tẹ was 209 and s.d. 14-46; To is 7-6 s.d. from zero, 
thus P < 0-001 two-tailed ), indicating that a negative outcome 
was significantly more frequent in transfused patients. 

For the 17 studies used in the analysis, the overall odds 
ratio of suffering a negative outcome in the transfused versus 
non-transfused group was 1-69 (95 per cent c.i. 1:31-2:19) 
(Table 3; Figure 1). This represents an increase in the odds(s.d.) 
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of suffering an adverse outcome in the transfused group of 
69(9-1) per cent. The overall odds ratios (95 per cent c.i.) were 
calculated separately for recurrence as 1-80 (1-30-2-51), death 
from cancer as 1-76 (1-15-2-66) and death as 1-63 (1-12-2-38) 
(Table 4; Figure 2). 


Discussion 

Over the past 20 years, the effect of blood transfusion on the 
immune system has been studied and shown to cause 
suppression. This immunosuppression is felt to be beneficial in 
organ transplantation?’ and in disorders such as inflammatory 
bowel disease?®, but is hypothesized to be detrimental in 
oncological surgery where immune surveillance is important in 
detecting and eliminating circulating malignant cells. The first 
study linking recurrence of colorectal carcinoma with 
perioperative blood transfusion was reported by Burrows and 
Tartter! in 1982. Since that time there have been numerous 
clinical studies both supporting and disputing this association. 
In addition, a relationship between perioperative blood 
transfusion and decreased survival and/or recurrence of 
malignancy has been reported after surgery for breast?®, 
lung*°3?, renal cell3? and cervical??? carcinomas, head and neck 
neoplasms** and sarcomas*®. 

The present results indicate an association between 
perioperative blood transfusion and negative outcome as 
measured by recurrence of disease, cancer death and death. The 
estimated cumulative odds ratio of a negative outcome in the 
presence of transfusion is 1-69. This represents a point estimate 
of an increase in the odds of suffering a negative outcome for 
transfused patients of 69 per cent. The calculated odds ratio of 
disease recurrence, cancer death and death in transfused 
patients are 1-80, 1-76 and 1-63 respectively. 

The advantage of combining results from a number of studies 
is the larger sample size. In this analysis, the sample used to 
calculate the overall odds ratio of negative outcome among 
transfused patients is greater than 5000 patients. Overall 
outcomes calculated: from-such a large sample are less prone 
to random error than the results of individual studies. When 
several studies are carried out to investigate the same 
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Table 4 Odds ratio of a negative outcome after perioperative blood transfusion 


-Negative outcome 


Statistical calculations 











Reference Transfused Non-transfused O-—E Variance P* 
Recorded episodes of cancer recurrence after resection for colorectal cancert 
Blumberg et al.® 56 of 129 6 of 68 15-4 13°5 <0001 
Wobbes et al.* 77 of 184 19 of 86 11-6 15:9 0-004 
Beynon et al.!® 179 of 385 35 of 134 203 274 <0-003 
Francis et al.}3 19 of 53 9 of 34 1-96 5-08 n.s. 
Liewald et al. 56 of 304 20 of 135 3:37 14-4 ‘Ds. 
Frankish et al.'° 25 of 103 17 of 71 0-14 782 ns. 
Weiden et al.'* 14 of 103 18 of 68 —33 5:99 ns. 
Total 49-75 90-09 <0-001 
Recorded cancer deaths in patients after resection for colorectal cancert 
Blumberg et al.® 22 of 129 3 of 68 5-63 667. 0-031 
Foster et al.® 23 of 65 15 of 81 6-08 9:59 005 
Voogt et al.” 25 of 86 4 of 27 2:93 4:50 n.s. 
Van Lawick Van Pabst et al.'® 25 of 117 5 of 47 3-60 5-96 ns. 
Parrott et al.'? 130 of 373 30 of 144 14-6 25:2 0-004 
Jakobsen et al.’ 102 of 268 13 of 47 4-16 9-75 n.s. 
Ota et al.5 45 of 162 10 of 45 1:96 73 Ds. 
Total 38-96 69-06 <0-001 
Recorded death in patients after resection for colorectal cancer . 

+ Wobbes et al.* 79 of 184 24 of 86 8-81 15-7 0-026 
Foster et al. 33 of 65 30 of 81 4:95 10-6 ns. 
Voogt et al? 45 of 86 7 of 27 5-42 5-88 0-025 
Van Lawick Van Pabst et al.'8 39 of 117 8 of 47 5-47 8-12 nS. 
Parrott et al.# 177 of 373 49 of 144 13-9 279 0-009 
Ross!5 63 of 95 34 of 64 5-04 9-89 ns. 
Nathanson et al." 113 of 199 73 of 167 11-9 25-6 0-019 
Vente et al.’ 76 of 158 26 of 54 0-0 10-3 ns. 
Total 55-49 113-99 <0-05 








O — E, observed minus expected; n.s, not significant; *two-tailed table of z. Cumulative odds ratio (95 per cent confidence interval): 
F180 (1:30-2:51); £1-76 (1:15-2:66); §1-63 (1:12-2:38). Odds increase(s.d.) of negative result after perioperative transfusion: +80(15-4) per cent; 


$76(16-2) per cent; §63{12-1) per cent 
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Figure 1 Odds ratios (95 per cent confidence interval) of a negative 
outcome after perioperative blood transfusion. ~~-, Cumulative odds 
ratio; -----, odds ratio of no increased risk 


phenomenon the results of some may become better known 
than others. By combining the results from all known studies 
in the literature to date, regardless of the direction or magnitude 
of their outcomes, an attempt has been made to obtain an 
overall estimate of the association of blood transfusion with 
negative outcome after surgery for colorectal carcinoma. 
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Figure 2 Odds ratios (95 per cent confidence interval) of recurrence, 
cancer death and death after perioperative blood transfusion. Gaps 
indicate studies giving insufficient information to allow calculation of the 
odds ratio, ----- , Odds ratio of no increased risk 


In the present instance, the method of Mantel~Haentszel— 
Peto??? was attractive, as it was not necessary to assume that 
the association of transfusion between studies was of the same 
magnitude, nor that the measured outcomes were equivalent 
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between studies. The assumptions necessary for this method?? 
are: first, no bias occurs in the selection of studies to be included 
in the analysis; and second, within each study the comparison 
of outcome between transfused and non-transfused patients is 
not subject to substantial bias. The first assumption has been 
satisfied, since all published studies were included from which 
sufficient data were available for the calculations. However, it 
is conceivable that studies in which a positive association 
between transfusion and negative outcome was found were 
more likely to be published than those in which no such 
association was found. No attempt was made to include 
unpublished data in this analysis to evaluate the effect of such 
publication bias. It is recognized that the second assumption 
is more difficult to satisfy in non-randomized prospective and 
retrospective studies; it represents a weakness in this type of 
assessment. 

When performing a retrospective study it is difficult to 
control for sources of bias. It is, therefore, important that the 
study design is clearly portrayed by including definitions of the 
interventions, inclusion and exclusion criteria, study population, 
and outcome measures in the publication. These definitions, 
when clearly stated, will help in the interpretation of results. 
Unfortunately, only six of the 17 publications used in the 
analysis included clear definitions of all the above design 
criteria. In 12 studies, Cox multiple regression analysis was 
performed to control for covariates. Initial findings were altered 
in only one of these after regression analysis. 

The present analysis demonstrates a significant association 
between perioperative blood transfusion and negative outcome. 
Because of the retrospective nature of most of the studies and 
the quality of the data, it is not possible to say whether 
transfusion is responsible for the worse outcome among 
transfused patients or whether it is due to one or more 
confounding variables. For example, in almost all studies 
included in the analysis, patients with rectal carcinoma were 
more likely to be transfused than those with colonic tumours. 
Cox regression analysis in a number of studies*:6-®-19-!3.17-20 
revealed that rectal carcinoma was independently associated 
with blood transfusion. Since it has been shown that rectal 
cancer has a higher recurrence rate than carcinoma of the 
colon?®37, it may be that transfusion is a marker for poor 

. prognostic factors, such as position of the primary neoplasm 
in the rectum. The data were not available in the publications 
to allow separate analysis when stratified with respect to such 
potential confounders as site of lesion, histological grade, stage 
of disease, presence of concomitant illness, haematocrit at 
presentation and age of patient. 

The mechanisms by which blood transfusion may cause 
immunosuppression concern cell-mediated immunity and 
macrophage migration®®. Studies have shown that traumatized 
animals that are transfused have decreased cell-mediated 
immunity?®, and that haemorrhage and transfusion without 
tissue trauma results not only in decreased cell-mediated 
immunity, as measured by the mixed lymphocyte reaction, but 
also increased susceptibility to sepsis*®. The results of animal 
experiments are supported by human studies, which show that 
patients who receive multiple blood transfusions have a reversal 
of the T4/T8 ratio; the proportion of T helper lymphocytes is 
decreased in relation to T suppressor cells*!-*?. This effect may 
last for up to 8 months after transfusion*>. In addition, natural 
killer activity in these patients is decreased**. The link between 
transfusion, cell-mediated immunity and malignancy has been 
reported in two murine models. In one study, both 
immunocompetent transfused mice and athymic mice had 
increased melanoma growth compared with immunocompetent 
and non-transfused controls**. In another, mice with 
neuroblastomas that received allogeneic blood transfusion had 
decreased cell-mediated immunity and increased tumour 
growth*®. 

The mechanisms by which blood transfusion causes these 
abnormalities are unknown. The impairment in cell-mediated 
immunity may result from decreased interleukin (IL)2 
production or abnormal macrophage migration*’. IL-2 is 
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necessary for the activation of B lymphocytes and regulation 
of T lymphocyte production, and macrophage migration is 
regulated in part by the powerful immunosuppressant 
prostaglandin (PG) E,. It has been shown that PGE, levels 
rise after blood transfusion*®. Furthermore, decreased macro- 
phage migration and antigen presentation, as measured by 
lymphocyte blastogenesis, have been shown after transfusion*®. 
Although the non-specific immunomodulation by blood 
transfusion probably relates to its effect on PGE, and IL-2, 
other mediators, such as serum factors and metabolites of the 
arachidonic acid pathway, may be involved?®, 

Immunomodulation by transfusion may be due in part to 
the associated iron load*°. This theory has been supported by 
both m vitro and in vivo studies. It has been shown in vitro that 
increased serum iron leads to decreased lymphocytic response 
to antigens*!. Jn vivo studies in patients with thalassaemia link 
decreased mitogen response with increasing ferritin levels*?. 
Furthermore, phagocytosis of damaged transfused erythrocytes 
has been shown to result in decreased lymphocyte function and 
may in part explain decreased renal allograft rejection in 
patients receiving blood transfusion*?. 

Because transfusion-related immunomodulation is thought 
to be non-specific, there should be an increased rate of infectious 
complications associated with blood transfusion. In one animal 
report** and two retrospective clinical studies (one involving 
colorectal*, the other gastric** surgery) an association between 
blood transfusion and perioperative infectious complications 
has been demonstrated. , 

Evidence that allogeneic blood transfusion results in immune 
suppression is increasing. Although this effect may be beneficial 
in transplantation and certain diseases where immuno- 
suppression is advantageous, it may be detrimental in cancer 
surgery. The results of this study support the hypothesis that 
perioperative blood transfusion is associated with subsequent 
increased risk of recurrence of colorectal carcinoma and death 
from this malignancy. However, because of the retrospective 
nature of most of the data, it is not possible to say that 
transfusion is responsible for this increased negative outcome. 
It has been suggested that 25-28 per cent of patients undergoing 
resection for colorectal carcinoma receive at least 1 unit 
unnecessary blood®’. The risks of transfusion-transmitted 
infection and transfusion reaction are well recognized; they 
alone provide ample reason for careful justification for each 
transfused unit of blood. The possible risk of increased tumour 
recurrence and death from colorectal carcinoma due to 
transfusion-mediated immunomodulation may also need to be 
considered. 
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Hyperaemic response in the skin 
microcirculation of patients with 
chronic venous insufficiency 


The capacity of the microcirculation in the liposclerotic skin of patients 
with chronic venous insufficiency to vasodilate in response to pilocarpine 
electrophoresis was assessed using laser Doppler fluxmetry. Pilocarpine 
induces vasodilatation by direct action on capillaries; other methods of 
vasodilatation, such as heating of the skin, act by a number of pathways 
including a neurogenic one. Thirty patients with lipodermatosclerosis 
and chronic venous insufficiency and 20 control subjects were studied. 
There was no difference in peak vasodilatation following pilocarpine 
electrophoresis in the two groups. The median (interquartile range) peak 
flux in patients was 665 (382-1025) units and in controls 765 (452-975) 
units (95 per cent confidence interval of difference —270 to 150 units, 
P = 0-5). This suggests that the capillaries in the liposclerotic skin of 
patients with chronic venous insufficiency have a normal capacity to 
vasodilate. 


Recent studies have reported a reduced hyperaemic response 
of the liposclerotic skin in patients with chronic venous 
insufficiency following ischaemia or heating! +. The capacity 
of the microcirculation to support an increased blood flow is 
important for tissue repair after injury and is relevant to 
research into the pathogenesis of skin damage and ulceration 
in chronic venous insufficiency. Many of the data supporting 
the hypoxic basis for such damage come from studies showing 
reduced transcutaneous oxygen tension in liposclerotic skin**. 
Since the technique of transcutaneous oximetry relies on a 
normal capacity of the skin microcirculation to vasodilate in 
response to heating to 43~—44°C, impairment of vasodilatation 


would invalidate any results obtained by this method. Stimuli. 


such as heating and cuff ischaemia result in vasodilatation of 
skin capillaries through a number of mechanisms including 
increased local metabolism, alteration in sympathetic nervous 
outflow, and the axon flare reflex. Impairment of vasodilatation 
does not necessarily denote an abnormality of capillary 
function; it may indicate failure of the pathways by which the 
stimulus affects the capillaries. 

The aim of this study was to determine whether the 
vasodilatory capacity of liposclerotic skin of patients with 
chronic venous insufficiency was impaired when using a direct 
method of stimulating capillaries. Pilocarpine causes vaso- 
dilatation by stimulating the muscarinic acetylcholine receptors 
in the vascular endothelium, provoking it to release 
endothelium-derived relaxing factor, a potent vasodilator’. This 
direct method of vasodilatation avoids the influence of factors 
such as neural control of the microcirculation that may 
themselves be affected by venous hypertension. It can be 
regarded as a measure of capillary responsiveness per se, rather 
than reflecting the total vasodilatory capacity of the skin 
microcirculation. 
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Patients and methods 


A total of 50 non-diabetic subjects with ankle:brachial pressure indices 
>09 were studied. Twenty men and ten women of median age 69 
(interquartile range 52-73) years, with lipodermatosclerosis without 
ulceration and chronic venous insufficiency comprised the group with 
disease. In all cases the presence of significant venous valvular 
incompetence was demonstrated in the deep or superficial veins using 
duplex scanning (Acuson, Mountain View, California, USA) by an 
experienced operator, Twenty normal subjects, eight men and 12 
women of median age 60 (interquartile range 49~69) years with no 
history or clinical evidence of venous disease, comprised the control 
group. Microcirculatory measurements were made in an environmental 
chamber with an ambient temperature of 22°C and a relative humidity 
of 30 per cent. The subjects were studied in the supine position and 
the investigation began after an acclimatization period of 20 min. 
Pilocarpine electrophoresis was performed using the technique 
described by Parkhouse and Le Quesne!®. A perspex capsule was 
attached 5 cm proximal to the medial malleolus in controls and on a 
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Figure2 Laser Doppler flux before and after pilocarpine electrophoresis 
in the gaiter area of controls and patients with lipodermatosclerosis 
(LDS). Bars are median (interquartile range). *P = 0-004; tP not 
significant (Mann—Whitney U test) 
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Figure 3 Percentage rise in laser Doppler flux after pilocarpine 
electrophoresis in the gaiter area of controls and patients with 
lipodermatosclerosis (LDS). Bars are median (interquartile range). 
*P = 0-001 (Mann-Whitney U test) 


nearby area of deep pigmentation in patients with lipodermatosclerosis, 
using double-sided adhesive tape. This capsule contained a chamber 
5 mm in diameter into which pilocarpine was placed. The chamber also 
contained a platinum wire that acted as the anode for electrophoresis, 
A laser Doppler probe (PF109; Perimed, Stockholm, Sweden) was 
passed through a central hole in the roof of the chamber so that the 
tip was in contact with the skin (Figures Ia and 1b). A solution of 
1 per cent pilocarpine was placed in the chamber within the capsule, 
Once a stable basal flux was obtained from the laser Doppler fluxmeter 
(PF2; Perimed), pilocarpine electrophoresis was started by passing a 
1-mA current between the platinum wire in the chamber and a lead 
plate placed on the calf of the patient. This resulted in electrophoresis 
of the pilocarpine into the skin and vasodilatation, usually within 5 min, 
which reached a peak within 5-10 min. No attempt was made to analyse 
the time taken to peak flux since this is dependent on the time taken 
for electrophoresis of pilocarpine to occur which is, in turn, dependent 
on skin quality. 
The rise in blood flux was calculated using the formula: 


peak flux — basal flux 
basal flux 


The basal flux, peak flux following pilocarpine electrophoresis and 
percentage rise in flux were compared between the two groups using 
the Mann-Whitney U test. 


Percentage rise in flux = x 100 


Results 


The basal blood flux, that following pilocarpine electrophoresis 
and the percentage rise in flux following electrophoresis are 
shown for the two groups in Table 1. The basal flux was 
significantly higher (P = 0-004) in patients with lipodermato- 
sclerosis than in controls. The percentage rise in flux in patients 
with lipodermatosclerosis was significantly lower (P = 0-001) 
than in controls. However, the peak flux following pilocarpine 
electrophoresis was not significantly different between the two 
groups (P = 0-5). These results are shown in Figures 2 and 3. 


Discussion 

Skin microcirculatory blood flow is capable of a large degree 
of change (0-3-150 ml per 100 mg tissue per min) depending 
on thermoregulation!!. In cold conditions blood bypasses the 
upper layers of the dermis, avoiding heat loss and, as nutritive 
requirements of skin are low, skin damage is unusual. 

A number of hypotheses have been proposed to explain the 
reduced hyperaemic capacity of liposclerotic skin in response 
to ischaemia and heating shown in previous studies. The 
inability of liposclerotic vessels to vasodilate beyond a certain 
degree may be due to the constricting effect of the pericapillary 
fibrin cuffs described by Burnand et al.!*. This mechanism could 
operate in a similar manner to that seen in diabetic patients, 
in whom increased minimal vascular resistance in the skin of 
the leg caused by arteriolar hyalinosis has been demonstrated 
using an isotope washout technique!*. Another possible 
explanation concerns the inability of the endothelium to react 
appropriately, possibly owing to damage by white cell 
activation and free radical release, which results in endothelial 
swelling and dysfunction‘. 

The basal flux in the gaiter area in the present study was 
significantly higher in patients with lipodermatosclerosis than 
in controls. Similar findings using laser Doppler fluxmetry have 
been reported by a number of workers?:*+!°. The increased flux 


Table 1 Basal laser Doppler flux and that following pilocarpine electrophoresis 








Patients with 
lipodermatosclerosis 
(n = 30)* 

Basal flux (arbitrary units) 125 (72-277) 

Peak flux (arbitrary units) 665 (382-1025) 

Rise in flux (%) 295 (74-633) 


* Values are median (interquartile range). {Mann-Whitney U test 





Controls 95% confidence interval 
(n = 20)* Pt of difference 
67 (60-82) 0-004 16-153 
765 (452-975) 0:5 —270 to 150 
831 (535-1413) 0-001 263-750 
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may be the result of chronic inflammation or an increased 
metabolic requirement of the skin. The significantly lower 
percentage rise in flux in liposclerotic skin in response to a 
vasodilatory stimulus shown in the present study is similar to 
that reported previously*. This suggests that the microcirculation 
has less reserve for response to stress such as injury. In this 
study the reduced percentage rise in flux is a reflection of the 
increased basal flux in liposclerotic skin. 

The present results also show that the peak flux in the skin 
following a direct vasodilatory stimulus is the same in patients 
with chronic venous insufficiency and controls. This is contrary 
to previous findings when an indirect method of producing 
vasodilatation by heating the skin to 43-44°C was used. The 
explanation for the contradictory results may lie in the nature 
of the stimulus applied. In the present study the stimulus acted 
directly on the skin capillaries and so impairment of other 
mechanisms of vasodilatation did not influence results. 

Impairment of the vasodilatory response to heating and 
ischaemia, but not to pilocarpine, suggests compromise of or 
damage to the indirect pathways of vasodilatation. This may 
indicate a peripheral neuropathy in chronic venous hyper- 
tension. Such an explanation would be consistent with previous 
findings of altered vasomotion characteristics in the skin of 
affected patients'®!7, and a C fibre neuropathy associated with 


chronic venous insufficiency!®:19, 
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Treatment of the axilla in patients 
with screen-detected breast cancer 


Management of the axillary lymph nodes in patients with screen-detected 
breast cancer is controversial. Optimal treatment should combine 
accurate determination of. node status and avoidance of unnecessary 
morbidity. This study attempted to determine whether axillary node 
status could be accurately predicted using selected criteria in women 
with screen-detected breast cancer. Of 223 breast cancers excised in 
the Greater Manchester breast screening programme, 180 were invasive 
and 40 of these had associated lymph node metastases. The presence 
of involved nodes was associated with large tumour size, high tumour 
grade and the absence of mammographic microcalcification. Multiple 
logistic regression analysis revealed that each of these three factors was 
independently significant. Women with a screen-detected breast cancer 
<1cm in diameter or those with grade I tumours <3 cm (35 per cent 
of the total) could be spared axillary surgery with an expected reduction 
in morbidity and operating time. 


The value of level IM axillary dissection has not been fully 
evaluated in patients with screen-detected breast cancer. It has 
been advocated by some as the preferred management in all 
patients with operable breast cancer to gain maximum 
prognostic information and ensure a low rate of axillary 
recurrence’. In patients with screen-detected cancer, the average 
tumour size is smaller and axillary node positivity less than in 
those with symptomatic lesions. To avoid axillary surgery with 
its attendant morbidity it would be rational to try to predict 
which patients have uninvolved axillae. 

Some centres advocate axillary node sampling’, and others 
have concluded that it is unreliable, because of low or no lymph 
node yield™*. Accurate estimation of overall survival depends 
on the excision of an adequate number of lymph nodes*. Ten 
nodes is an optimum number to be sampled but unfortunately 
many surgeons excise fewer than this during level III dissection. 
The number of nodes recovered is also dependent on the 
thoroughness of the pathologist**. 

Two groups of patients from the breast-screening service 
can be identified: a group with palpable tumours who can be 
managed as if they had symptomatic breast cancer, and those 
with an impalpable tumour that is undetectable by ultra- 
sonography and has to be identified by a localization procedure. 
In the latter group an appropriate surgical plan is difficult to 
formulate until histological proof of the mammographic 
abnormality has been obtained. It would be an advantage in 
these patients to have some indication of lymph node status 
before definitive surgery. 

The aim of this study was to identify features of screen- 
detected breast cancer that could accurately predict node status, 
to’ enable preoperative selection for appropriate axillary 


surgery. 


Patients and methods 


A retrospective analysis was performed of all women treated by the 
Greater Manchester Breast Screening Service during the first 40 months 
of screening. Of women treated at the University Hospital of South 
Manchester, 223 were found to have malignant breast disease and 180 
had invasive cancer. Therapeutic axillary dissection was performed in 
160 patients; these women were analysed in detail. 

Patients with a screen-detected invasive breast cancer underwent 
axillary dissection and wide local excision or mastectomy. Operation 
was performed following cytological diagnosis by fine-needle aspiration 
cytology (FNAC) or histopathological diagnosis based on needle or 
open biopsy, or ultrasonographic findings. Various factors have been 
assessed prospectively and incorporated into a patient database: 


pathological tumour size after formalin fixation, tumour grade and 
type (modified Bloom and Richardson grading system)’, the presence 
or absence of microcalcification on the screening mammogram, 
previous benign or malignant breast biopsy, positive family history and 
the site of the primary tumour. Clinical and mammographic size were 
assessed to see whether they could be used as an accurate predictor of 
actual pathological size. 

Statistical significance was assessed by the x° test with Yates’ 
correction and by multiple logistic regression analysis. 


Results 


Forty (25 per cent) of the 160 axillary dissections revealed 
positive lymph nodes. Twenty patients did not have axillary 
surgery: one had metastatic disease from the outset; one had 
an intracystic papillary neoplasm; eight had grade I medially 
placed tumours <1 cm in diameter; four who were unfit had 
lateral tumours of small size that were resected under local 
anaesthesia; and six had laterally placed tumours with such 
small areas of invasion (usually <S mm) that full axillary 
surgery was not considered appropriate. 


Pathological size of tumour 


As the size of the primary cancer increased, so did the chance 
of having lymph node metastasis (P <0-0001; Figure 1). 
Lymph node involvement ranged from one (3 per cent) positive 
axilla of 31 dissected for tumours <1 cm to 11 of 22 (50 per cent) 
in those with tumours >3 cm. 
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Figure 1 Relationship between the pathological size of the primary 
tumour and axillary lymph node status. The percentage of patients with 
positive axillae is shown. Q, No metastases; W, metastases 
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Figure 2 Relationship between the pathological grade of the primary 
tumour and axillary lymph node status. The percentage of patients with 
positive axillae is shown. C], No metastases; W, metastases 


Pathological grade and type of tumour 

The poorer the differentiation of the tumour, the greater the 
frequency of axillary node metastasis (P < 0:0001). Only 
6 per cent of patients with grade I tumours had involved lymph 
nodes compared with 60 per cent of those with grade II 
(Figure 2). The type of tumour had no effect on the risk of 
lymph node metastasis. Ductal carcinomas were found in 33 
(82 per cent) of 40 patients with positive nodes and in 93 
(78 per cent) of 120 with negative nodes. Seven (18 per cent) 
of 40 patients in the node-positive and 19 (16 per cent) of 120 
in the node-negative group had lobular carcinoma. 


Lymph node involvement 

Axillary node clearance yielded a mean of 19 (range 7-42) 
lymph nodes per axilla and the number of nodes containing 
metastases per patient ranged from one to 20. As size and grade 
of tumour increased, the proportion of involved nodes gradually 
increased. Thirteen patients had a single node involved, 18 had 
between two and four involved nodes, five had between five 
and ten, and four had more than ten. 

For grade I tumours with axillary node metastasis, seven 
(16 per cent) of the 45 resected nodes contained tumour and 
this increased in grade III tumours to 60 (25 per cent) of the 
244 resected nodes. For tumour size, the proportion of axillary 
nodes involved also gradually rose: all tumours <1cm had 
only two (15 per cent) of 13 involved nodes and those >3 cm 
had 50 (27 per cent) of 183 involved. 


Microcalcification on the screening mammogram 

Of screened patients undergoing axillary dissection, 55 
(34 per cent) showed radiological microcalcification. The 
presence of mammographic microcalcification, alone or in the 
presence of a’ mass, was predictive for node negativity 
(P = 0-024). When microcalcification alone was present, only 
19 per cent of patients had axillary lymph node metastases; 
when it was associated with a mass or significant architectural 
distortion, the proportion with involved axillae fell to 5 per cent 
(Figure 3). Conversely, 30 per cent of patients with a mass but 
with no microcalcification had nodal metastases. 


Clinical and mammographic prediction of actual pathological 
size and relationship to tumour position and palpability 
Clinical size was assessable in 115 of the 180 patients, but was 
accurate to within 5mm of the pathological size in only 37 
(32 per cent). Mammographic size estimation was available in 
125 patients and found to be accurate to within 5mm in 64 
(51 per cent). The prediction of pathological size from clinical 
or radiological size was therefore inaccurate and if size is to be 
used as an indicator of node status then only the pathological 
size will suffice. 

The position of each mammographic abnormality was 
identified and a note made of whether or not the lesion was 
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Figure 3 Relationship between the presence of mammographic micro- 
calcification and axillary lymph node status. The percentage of patients 
with positive axillae is shown. 1], No metastases; W, metastases 


palpable. Tumour position bore no relationship to the 
possibility of axillary lymph node metastasis and 36 per cent 
of medial tumours had positive lymph nodes. Impalpable 
tumours were associated with positive axillary nodes in six 
(11 per cent) of 56 patients. Node-negative tumours were 
palpable in only 70 (58 per cent) of 120 cases, compared with 
node-positive lesions which were palpable in 34 (85 per cent) 
of 40. The same three factors were predictive for node positivity 
irrespective of the palpability of the primary tumour, which 
was itself independent of tumour size. None of the other factors 
studied had any value in the prediction of axillary node status. 


Multivariate analysis 

The data were subjected to multiple logistic regression analysis, 
which demonstrated that three factors, pathological tumour 
size (P < 0-001), pathological tumour grade (P < 0-001) and 
the absence of tumour microcalcification (P < 0-05), were 
independently predictive for axillary node metastasis. 

The relative risk for axillary node metastasis was 8-4 for 
each 1-cm increase in tumour size over a baseline of 1 cm. When 
grade was reviewed in a similar manner, grade II tumours had 
a relative risk for lymph node metastasis of 4-3 compared with 
grade I lesions, and this rose to 17-8 for grade II cancers. 

Microcalcification had a relative risk of only 0-3, and 
hence the risk of lymph node metastasis was two-thirds lower 
in patients with than in those without mammographic 
microcalcification. 


Discussion 

Three clear predictors of positive axillary node status were 
identified: increasing pathological tumour size, worsening 
pathological tumour grade and absence of microcalcification. 
These could be of use in the management of the screened patient, ` 
when the primary tumour has been excised as a preliminary 
step, usually after needle or ultrasonographic localization 
biopsy. 

Other authors®-!* have reported the incidence of axillary 
node metastasis in patients with screen-detected breast cancer 
as being between 7 and 35 per cent. The finding of a progressive 
risk of lymph node metastasis with increasing tumour size in 
the present study confirms the work of others'*~!*. The 
observation that mammographically detected breast cancers 
that are palpable are associated with increased node positivity 
has been reported previously’®. 

In patients with screen-detected breast cancer, the axilla may 
not require dissection, but this needs to be considered in the 
light of tumour grade and type. The patient with a screen- 
detected breast cancer should be offered full axillary dissection 
only if there is a high probability of lymph node metastasis. 

The mean number of lymph nodes dissected per axillary 
clearance in the present study is in keeping with values reported 
in previous large series!®’, and a plan of management of 
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potentially node-negative disease can be formulated. A patient 
with a tumour <1 cm of any grade, or a grade I cancer <3 cm, 
with microcalcification on the screening mammogram and an 
impalpable lesion has a negligible risk of lymph node disease. 
Using the three statistically significant factors, one-third of 
patients in the present study could have avoided extensive 
axillary surgery. The choice of diagnostic axillary surgery for 
patients with a low risk of nodal involvement varies. They could 
be assumed to have no nodal disease and be spared any inter- 
vention in the axilla. They could undergo level I clearance if 
there is a small risk of nodal disease, ensuring that ten lymph 
nodes are removed, with the resulting decrease in operating 
time. Adjuvant therapy could be planned on the results. Patients 
with > 10 per cent chance of lymph node metastasis could be 
offered level ITI clearance. The quality-assurance guidelines laid 
down for surgeons undertaking breast screening work advise 
that axillary surgery of some type ought to be performed. 

Positive cytology of mammographic abnormalities does not 
prove invasive malignancy; histopathological diagnosis is 
preferable, to prevent unnecessary axillary surgery in patients 
with ductal carcinoma im situ. Currently, the majority of 
screened patients with impalpable mammographic abnormalities 
do not undergo stereotactic FNAC, and the present guidelines 
will be valuable for the treatment of these women. 

The failure to obtain any lymph nodes from axillary node 
sampling occurs in 25 per cent of cases; in many patients a 
single node is found which fails to provide useful inform- 
ation!®-!9. The probability of detecting node positivity increases 
with the number of nodes removed, up to a maximum of ten 
nodes°®. 

A recent overview?° has suggested that perimenopausal and 

` postmenopausal women with heavy nodal involvement benefit 
from adjuvant chemotherapy. Failure to stage the patients 
correctly will result in a proportion not receiving the most 
appropriate adjuvant therapy. A blanket policy of adjuvant 
therapy would overtreat some 60 per cent of patients who are 
node negative with small screen-detected tumours. 

In centres where stereotactic FNAC is not available, the 
true screen-detected breast cancer (i.e. one that is impalpable 
and demonstrable only by its radiological abnormality) will 
have to be treated by a two-stage surgical procedure. The initial 
approach is to establish a histological diagnosis by localization 
biopsy and then to plan axillary surgery with the knowledge 
‘of all three predictive indices. Up to 35 per cent of patients will 
not require any further surgical intervention and will therefore 
be spared unnecessary surgery. 
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Symptomatic outcome after 
laparoscopic cholecystectomy 


To evaluate the symptomatic outcome after laparoscopic cholecyst- 
ectomy, a standard symptom questionnaire was sent to three patient 
groups at least 1 year after surgery: 115 patients had undergone 
laparoscopic cholecystectomy; 200 had undergone open cholecystectomy; 
and 200 had had inguinal hernia repair. Return of questionnaires was 
higher after laparoscopic cholecystectomy (100 of 115; 87-0 per cent) 
than the open procedure (167 of 200; 83-5 per cent) or hernia repair 
(163 of 200; 81-5 per cent). There was no difference in the number of 
patients who considered the operation to have cured or improved their 
preoperative symptoms after laparoscopic cholecystectomy (94 of 100; 
94-0 per cent), open cholecystectomy (157 of 167; 94-0 per cent) or 
hernia repair (154 of 163; 94-5 per cent). Similar numbers considered 
their operation to have been a success (94-0, 95-2 and 94-5 per cent 
respectively). The prevalence of abdominal pain, nausea, flatulence, food 
intolerance and heartburn was similar in all groups of patients following 
operation. Diarrhoea occurred more often following laparoscopic 
(6-0 per cent) and open (4:2 per cent) cholecystectomy than hernia 
repair (1-2 per cent). Patients who underwent laparoscopic cholecyst- 
ectomy tended to have a higher incidence of nausea or vomiting than 
those undergoing the open procedure, and consumed significantly more 
antacids (23-0 versus 12-0 per cent, P < 0:02). Laparoscopic chole- 
cystectomy achieved the same rate of patient satisfaction as open 


Mr I. M. C. Macintyre 


Laparoscopic cholecystectomy has become the preferred 
technique for treatment of symptomatic gallbladder stones?. 
Published series have documented mortality, morbidity 
(particularly bile duct injury), time in hospital and time off 
work?-®, There are no studies on the symptomatic outcome 
following this procedure apart from that of Peters et al.”, who 
reported a 3-month follow-up in 52 patients who underwent 
elective laparoscopic cholecystectomy. Overall, 77 per cent of 
patients considered their symptoms to be cured and the 
remainder, with one exception, were improved by surgery. 
Symptoms are the indication for the procedure in the 
majority of patients and it therefore seemed appropriate to 
assess the symptomatic outcome after laparoscopic cholecyst- 
ectomy and compare it with that after the conventional open 
procedure and, as a control, inguinal hernia repair. 


Patients and methods 


A standard symptom questionnaire (Appendix 1) was sent to 115 
patients who had undergone laparoscopic cholecystectomy at least 12 
months previously (mean follow-up 14-0 months). The questionnaire 
was based on that used to assess outcome after surgery for duodenal 
ulcer and gastro-oesophageal reflux®’ and modified after Bates et al.° 
to include questions appropriate to cholecystectomy. An identical 
questionnaire was sent to 200 patients who had undergone open 
cholecystectomy > 12 months previously (mean follow-up 28-4 months ) 
and to a further 200 who had had inguinal hernia repair at least 12 
months previously (mean follow-up 31-4 months). 

Patients were asked to indicate whether in the preceding 6 months 
they had experienced the listed symptoms ‘every day’, ‘most days’, 
‘occasionally’ or ‘never’. They were asked about appetite, enjoyment 
of food and specific food intolerance, and whether they had consulted 
their general practitioner (GP) regarding stomach pain since the 
operation and, if so, to give the reasons. Assessment of the operation 
in terms of ‘cured’, ‘improved’, ‘same’ or ‘worse’ was requested from 
patients, and they were asked whether they felt the operation had been 
successful. 

Details of preoperative symptoms and indications for the procedure 
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cholecystectomy, with no apparent symptomatic advantage. 


Table 1 Mode of presentation of patients undergoing laparoscopic or 
open cholecystectomy 





Laparoscopic Open 
cholecystectomy cholecystectomy 
(n = 100) (n = 167) 

Acute cholecystitis 34-0 36 

Biliary pain 42-0 34 

Chronic dyspepsia 13-0 15 

Choledocholithiasis 40 5 

Empyema 50 6 

Pancreatitis - 2-0 4 


Values are percentages 


had been recorded prospectively on a standard pro forma for patients 
undergoing laparoscopic cholecystectomy. 

The mode of initial presentation of patients undergoing laparoscopic 
and open cholecystectomy is shown in Table 1. Those with choledocho- 
lithiasis had the duct stones treated endoscopically before proceeding 
to cholecystectomy when indicated. 

Information from returned questionnaires was entered into a 
microcomputer and analysed. Confidence intervals were—calculated 
using Confidence Interval Analysis (British Medical Association, 
London, UK) software!!. 


Results 


Return of questionnaires was higher after laparoscopic 
cholecystectomy (100 of 115; 87-0 per cent) than open 
cholecystectomy (167 of 200; 83-5 per cent) or hernia repair 
(163 of 200; 81:5 per cent). The mean (95 per cent confidence 
interval (c.i.)) age of patients undergoing laparoscopic (52-8 
(49-6—55-3) years) or open (53-2 (51:2~55-4) years) cholecyst- 
ectomy was similar, although the inguinal hernia group was 
on average 7 years older (mean 59-6 (95 per cent c.i. 57-4-62-1) 
years), with a greater proportion of men. The proportion of 
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Table 2 Symptoms experienced every day or most days at a minimum of 1 year after surgery 








i Laparoscopic Open 
cholecystectomy cholecystectomy 
(n = 100) (n = 167) 
Symptom 

Abdominal pain 6-0 (2:2-12-6) 66 (3:3-11-5) 
Nausea and/or vomiting 10-0 (4-9-17°6} 3:6 (1:3-77) 
Heartburn 14-0 (79-224) 9-6 (56-151) 
Bloating 12-0 (6-4-20-0) 14-4 (9-1-19-7) 
Flatulence 17-0 (10-2-25-8) 20-4 (14-3-26°5) 
Diarrhoea 60 (2:2-12°6) 4-2 (1-7-8-4) 


Antacid consumption 23-0 (15:2~32:5)* 


12-0 (7-1-16-9) 





61 (3-0-11-0) 
49 (2:1-9-4) 
10-4 (5-7-151) 
49 (2-1-9-4) 
14-1 (8-8-19-5) 
1-2 (02—44) 


15-3 (9-8-20-9) 





Values are percentages (95 per cent confidence interval). *P < 0-02 (laparoscopic cholecystectomy versus open cholecystectomy and inguinal hernia 


repair groups, x? test, 95 per cent confidence interval of difference 1-4-20°6 per cent) 


Table 3 Patient assessment of appetite, enjoyment of food and food intolerance following operation 








Inguinal hernia 
rapa 
(n = 163) 








Laparoscopic Open 
cholecystectomy cholecystectomy 
(n = 100) (n = 167) 
Good appetite 88-0 (80-0-93-6) 88-0 (831-929) 
Enjoyment of food 89-0 (81:2-92-9) 94-6 (90-0--97:5) 
Food intolerance 42-0 (32:2~52:3) 46:7 (44-5~59-7) 
Values are percentages (95 per cent confidence interval) 
Table 4 Patient assessment of outcome following operation 
Laparoscopic 
cholecystectomy cholecystectomy 
(n = 100) (n = 167) 
‘Cured’ or ‘improved’ 94-0 (874—978) 94-0 (89-3-97-1) 
Operation a success 94-0 (87-4-97°8) 95-2 (90-8-97-9) 


Values are percentages (95 per cent confidence interval) 


Table 5 Current symptoms experienced every day or most days and 
patient assessment according to preoperative presentation for laparoscopic 
cholecystectomy 

Preoperative symptoms 


Acute Chronic 





(n = 64) (n = 36) 

Current symptoms 

Stomach pain 2 (3) 4 (11) 

Heartburn 5 (8) 9 (25) 

Nausea and/or vomiting 4 (6) 6 (17) 

Flatulence 10 (16) 8 (22) 
Outcome 

Success 59 (92) 28 (78) 

Symptoms cured or improved 61 (95) 30 (83) 


Values in parentheses are percentages 


patients having symptoms every day or most days following 
each of the operations is shown in Table 2. There were no 
significant differences between the laparoscopic and open 
procedures for any symptom. 

Results of questions on appetite, enjoyment of food and food 
intolerance are shown in Table 3. 

The number of patients who consulted a GP following 
laparoscopic cholecystectomy, 23 of 100 (23:0 per cent 
(95 per cent c.i. 15-2~—32-5 per cent)), was higher than that after 
open cholecystectomy, 31 of 167 (18-6 per cent (95 per cent c.i. 
12-1-24-5 per cent)), or hernia repair, 22 of 163 (13-5 per cent 


96-9 (93-0-99-0) 
97-5 (93-8-99-3) 
26-3 (191-325) 


Inguinal hernia 
repair 
(n = 163) 


94-5 (89-9-97-4) 
94-5 (89-8-97-4) 


(95 per cent c.i. 8-2-18-7 per cent)), but these differences were 
not significant. 

Patient assessment of the operation is shown in Table 4. 

The prevalence of smoking was similar in the three groups 
(laparoscopic cholecystectomy, 26 of 100; open cholecyst- 
ectomy, 41 of 167; hernia repair, 38 of 163). 

The proportion of patients experiencing specific symptoms 
every day or most days following laparoscopic cholecystectomy 
is shown in Table 5, according to the acute or chronic nature 
of preoperative symptoms. 


Discussion 

Cholecystectomy is indicated only when gallstones give rise to 
symptoms!?, which was the case in all patients in the present 
series. 

Studies that have assessed symptomatic outcome after open 
cholecystectomy have given differing results. Johnsont? found 
that after the open procedure 46 per cent of patients were free 
from flatulent dyspepsia but 30 per cent were no better. Ros 
and Zambon'* evaluated 93 patients before and 2 years after 
cholecystectomy, at which time only 53 per cent were found to 
be completely symptom-free. In most of these patients the 
indication for operation had been flatulent dyspepsia. The 
present study showed that 17:0 per cent of patients had 
flatulence every day or most days after laparoscopic 
cholecystectomy compared with 20-4 per cent after the open 
procedure. Antacid consumption was noted particularly after 
laparoscopic cholecystectomy, and is presumably an attempt 
to treat the heartburn, which in this series was present every 
day or most days in 14-0 per cent of patients who underwent 
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this procedure. The similar prevalence of these and other 
symptoms such as stomach pain and visits to a GP in the 
control group is in keeping with previous observations on 
hernia operations! and the general population?®. It can be 
assumed that the prevalence of symptoms in patients following 
cholecystectomy will be similar. 

Bates et al.!° assessed 274 patients before and 1 and 2 years 
after open cholecystectomy and found that at 1 year 23 per cent 
of patients had nausea, 34 per cent abdominal pain, 37 per‘cent 
distension, 43 per cent indigestion and 44 per cent flatulence. 
These differences may reflect the different wording in question- 
naires, but only 6-6 per cent of the patients in the present study 
had abdominal pain every day or most days following 
cholecystectomy. Bates et al.!° observed no change in 
symptomatic outcome between the first and second post- 
operative years. It was felt appropriate in the present study to 
survey patients undergoing open cholecystectomy in the year 
ending May 1990 and those undergoing laparoscopic 
cholecystectomy in the year beginning January 1990, and all 
patients were asked about symptoms in the preceding 6 months. 

Previous studies have found that chronic pain in the 
abdominal wound was the major source of abdominal pain 
following open cholecystectomy in from 24 per cent!* to 
27 per cent’’ of patients. Patients in the present series were 
not asked to specify whether the pain was wound related, but 
the similar incidence of pain for open and laparoscopic 
procedures suggests that wound-related problems were not a 
major contribution. 

The results of the present study are similar to those of Gunn 
and Keddie'’, who found that pain was relieved by 
cholecystectomy in 77 per cent of patients and improved in a 
further 16 per cent. 

The higher proportion of patients presenting with acute 
symptoms in the present series may help to account for the 
better results compared with those of Ros and Zambon‘* and 
Bates et al.'°. 

Overall, 94-0 per cent of patients considered laparoscopic 
cholecystectomy a success and 94-0 per cent felt their initial 
problem had been cured or improved. The postulated long-term 
benefits of laparoscopic over open cholecystectomy, such as 
fewer wound-related symptoms®, do not seem to have been 
borne out. In this study laparoscopic cholecystectomy achieved 
the same rate of patient satisfaction as open cholecystectomy 
and none of the specific symptoms was different at a minimum 
of 1 year after each operation. 
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Appendix 1 Patient questionnaire 

Date: Record no.: 

In this questionnaire you will be asked about your symptoms. Read 
each item and circle the answer which applies best to you. 


The questions relate to how you have been feeling over the last 6 months 
only. 


I have had stomach pain: Every day/Most days/Occasionally/Never 


I have had nausea: Every day/Most days/Occasionally/Never 
T have vomited: Every day/Most days/Occasionally/Never 
I have had heartburn: Every day/Most days/Occasionally/Never 
I have felt bloated . 
(bagged up): Every day/Most days/Occasionally/Never 
T have had belching: Every day/Most days/Occasionally/Never 
My bowels move: ln... times a day 


I take antacids (e.g. Aludrox, 
Maalox, Gaviscon, Asilone, 
Mucaine, Gastrocote, 





Rennies, BiSoDoL, Tagamet, 

Zantac, Losec): Every day/Most days/Occasionally/Never 

I have had jaundice: Yes/No 

I have had diarrhoea: Every day/Most days/Occasionally/Never 

My appetite is: Poor/Good 

In general I enjoy my food: Yes/No 

Does any food ‘disagree’ Yes/No 

with you?: (if Yes specify sssri srna ) 

In the last 6 months I have 

consulted my own family 

doctor because of stomach 

pain: Yes/No 

Please add any additional 

comments: 

Since operation my original 

problem has been: Cured /Improved /Same/Worse 

My operation has been a 

success; Yes/No 

Alcohol: I don’t drink alcohol / Would like to drink 
but cannot/Drink alcohol as I want 

Please state how many 

cigarettes you smoke per day: ....... cigarettes a day 


Please list any hospital admissions since your Operation: 
Date Hospital Problem 
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cancer and dysplasia complicating 
ulcerative colitis 


An immunohistochemical method using Pab1801,a monoclonal antibody 
specific to the human p53 protein, was applied to detect p53 expression 
in colorectal cancer and dysplasia complicating ulcerative colitis. Of 20 
tissue samples with dysplasia, six showed positive immunoreactivity. 
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Patients suffering from ulcerative colitis are at increased risk 
of developing colorectal cancer’. Carcinoma in ulcerative colitis 
almost always develops in areas of mucosal dysplasia, unlike 
sporadic colorectal cancer which develops from adenomatous 
polyps?. The incidence of c-Ki-ras mutations in ulcerative colitic 
carcinoma is 24 per cent and it would seem that mutations in 
this gene occur less frequently in such carcinomas than in 
sporadic colorectal cancers*. The differing modes of develop- 
ment and difference in genetic mutations so far demonstrated 
suggest that dissimilar genetic alterations underlie the 
development of colorectal cancer in these two situations. . 

The p53 gene product is a 53-kDa nuclear protein believed 
to regulate entry into and progression through the normal cell 
cycle*. It is induced during transition from GO to G1 and is 
present at low levels in most normal fetal and adult tissue’. 
This protein is expressed by a gene located on the p arm of 
chromosome 17. Alterations of the p53 gene appear to be. the 
most frequent mutation in human cancers, raised p53 
expression being seen in many human tumours including 
colorectal carcinoma®. Work by van den Berg et al.” has 
described the immunohistochemical detection of p53 in 
55 per cent of colorectal cancers and various groups have 
attempted to assess its prognostic significance®?. 

The present study used an immunohistochemical technique 
to detect p53 expression in colorectal carcinoma arising in 
ulcerative colitis and compared the incidence of expression with 
that in a matched group of sporadic colorectal cancers. The 
frequency of p53 expression in a series of samples with epithelial 
dysplasia in ulcerative colitis and in ulcerative colitis with 
neither cancer nor dysplasia was also determined using the 
same technique. 


Patients and methods 


Patients were identified from the records of the Institute of Pathology 
at The Royal London Hospital. Sections were cut from formalin-fixed 
paraffin-embedded biopsies or from tissue blocks from colectomy or 
proctocolectomy specimens. Samples were incubated with Pab1801 
(Oncogene Science, Uniondale, New Jersey, USA) using the following 
method. Sections 2-5 ym thick were cut from the tissue block and 
picked up on 3-aminopropyltriethoxysilane-coated slides’®. After 
dewaxing and rehydration, sections were washed in Tris-buffered saline 
(TBS) at pH 7-4 with 0-1 per cent Triton X-100 (Sigma Chemicals, 
Poole, UK) and incubated for 20 min with 1:50 normal horse serum 
in OL per cent bovine serum albumin (BSA) and then for 1h with 
Pab1801 diluted 1:60 with 0-1 per cent BSA in TBS. Endogenous 
peroxidase was blocked by incubation for 30 min in 3 per cent hydrogen 
peroxide in TBS with 0-1 per cent Triton X-100 before the sections 


442 


Archival paraffin-embedded tissue blocks from 21 colitic cancers were 
analysed; 11 showed positive immunoreactivity, compared with ten of 
21 samples from matched sporadic colorectal cancers (P not significant). 
Previous data suggesting that colorectal carcinoma complicating 
ulcerative colitis has a reduced frequency of c-Ki-ras mutation compared 
with sporadic cancer have led to the hypothesis that different genetic 
lesions underlie colitic and sporadic colorectal carcinoma. The present 
results suggest that this is not the case with regard to p53 gene 


were incubated for 30 min in biotinylated horse antimouse immuno- 
globulin G (Vector Laboratories, Peterborough, UK) diluted 1:100 
with 0-1 per cent BSA in TBS. After repeat washing with 3 per cent 
hydrogen peroxide in TBS, the sections were incubated with ABC 
reagent (Vector Laboratories)! for 30 min, washed with TBS and 
visualized with 3,3’-diaminobenzine tetrahydrochloride!? for 7 min. 
Counterstaining with Carazzi’s haematoxylin was followed by 
mounting in DPX (BDH, Poole, UK). 

A tumour with an identified mutation at the p53 locus known to 
show consistently strong immunoreactivity with the p53 antibody was 
used as a positive control. Histologically normal mucosa from the 
resection margins of lengths of surgically removed colon served as a 
negative control. Additionally, a proportion of each batch of sections 
stained was not treated with primary antibody to confirm that any 
staining obtained was specific and not artefactual. 

Sections were reviewed by an experienced histopathologist with no 
knowledge of the cases. The primary diagnosis of ulcerative colitis was 
confirmed and in no case was there evidence that Crohn’s disease might 
be the primary diagnosis. Dysplasia was classified according to standard 
criteria’? into high or low grade. . 


Results 
Patients 


A total of 21 patients with colorectal cancer in ulcerative colitis 
between 1954 and 1990 were identified: seven men and 14 
women. The mean age at which the tumour was diagnosed was 
58 (range 39—76) years. The Dukes’ stage and histological grade 
of the tumours are shown in Table 1. Seven patients had 
associated areas of dysplasia. 

Each tumour occurring in ulcerative colitis was matched as 
closely as possible with a sporadic cancer of similar grade and 
Dukes’ stage from a patient of similar age and sex (Table 1). 
The mean age of this control group was 64 (range 42—79 ) years; 
there were 12 men and nine women. 


Table 1 Dukes’ stage and tumour grade for sporadic colorectal cancer 
and that arising in ulcerative colitis 





Well or moderately 











differentiated Poorly differentiated 
Dukes’ Ulcerative Ulcerative 
stage colitis Sporadic colitis Sporadic 
A 4 4 0 0 
B 4 4 3 3 
C 5 5 5 5 
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Figure 1 Selective nuclear staining by p53 protein detection using 
Pab1801 in a colonic carcinoma complicating ulcerative colitis. (Original 
magnification x 250) 


Twenty patients with epithelial dysplasia in ulcerative colitis 
were identified; dysplasia in 11 was high grade and in nine low 
grade. These 20 include the seven with colitic cancer who had 
associated areas of dysplasia. A further 20 patients with 
ulcerative colitis but neither dysplasia nor cancer were also 
studied to determine whether colitic mucosa expressed p53. 


Immunohistochemistry 

There was no positive immunoreactivity in any of the negative 
controls, nor in any of the 20 samples of ulcerative colitis 
uncomplicated ‘by dysplasia or cancer. The p53 protein was 
detected by positive nuclear staining in 11 of the 21 samples of 
colorectal carcinoma arising in ulcerative colitis (Figure 1). One 
tumour showed only strong focal immunoreactivity whereas 
the remainder showed diffuse reactivity that was weak in four 
specimens, weak with strong focal areas in two and strongly 
diffuse in four. Of the 21 sporadic colorectal cancer samples, 
ten showed positive immunoreactivity. There was no significant 
difference in the frequency of positive staining between colitic 
and sporadic cancers (y? = 0-095, 1 d.f., P > 0-05). Six of the 
20 samples with dysplasia in ulcerative colitis showed positive 
staining; five of the positive specimens were high-grade 
dysplasia and one was of low grade. 

Areas of mucosal dysplasia were seen in seven cancer 
samples; one positively stained cancer had associated areas of 
high-grade dysplasia that also showed positive staining. 
Sigmoidoscopic biopsies or resection specimens showing 
dysplasia were available from ten patients; two of these had 
low-grade dysplasia and showed no positive staining and eight 
had high-grade dysplasia, four of which showed positive 
immunoreactivity. Three patients with ulcerative colitis had 
dysplasia diagnosed at screening colonoscopy; one underwent 
two successive endoscopies: with progression from low- to 
high-grade dysplasia. Of 22 biopsies obtained at colonoscopy, 
one showed positive staining; the p53-positive biopsy was one 
of five taken at colonoscopy from one patient with low-grade 
dysplasia. 


Discussion 

The development of colorectal cancer in patients suffering from 
ulcerative colitis has been described by many authors since the 
original observation by Crohn and Rosenberg'* in 1925, The 
increased risk of developing this cancer is most marked in 
patients with total or extensive colitis over a prolonged period 
and an early age of onset!>, There are a number of differences 
in the causation, development and outcome of carcinoma 
developing in ulcerative colitis compared with sporadic cancer. 
The most important difference is the development of mucosal 
dysplasia in ulcerative colitis; this may be macroscopically 
featureless or a flat plaque”. High-grade dysplasia is regarded 
as a precancerous condition, although cancer can develop in 
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the absence of dysplasia or in parts of the colon seemingly 
unaffected by dysplasia’!®!7. Sporadic colorectal cancer 
develops from adenomatous polyps‘, but these are uncommon 
in ulcerative colitis?. Furthermore, the distribution of cancers 
in ulcerative colitis differs from that in sporadic cases, with a 
more even spread throughout the colon rather than the 
preponderance of rectosigmoid tumours found in the general 
population’®. All series show that multiple cancers are seen 
more frequently in ulcerative colitis. The age at which cancer 
is diagnosed in this group is also lower than in the general 
population?°. 

Clinical and histological evidence for a differing tumour 
biology in colitic cancer is supported by recent findings on the 
molecular biology of these tumours. Mutations in c-Ki-ras are 
found in 44—48 per cent of sporadic colorectal tumours?!:2?, 
Three groups have examined the incidence of c-Ki-ras 
mutations in colorectal cancer arising in ulcerative colitis. 
Melzer et al.?? found one of four cancers contained a c-Ki-ras 
mutation while Burmer and colleagues** reported such 
mutation in only one of eight. Bell et al.” found that eight of 
33 tumours in ulcerative colitis contained c-Ki-ras mutations 
compared with 14 of 33 sporadic controls in a case-matched 
series. These data suggest that c-Ki-ras mutations are found 
less commonly in colitic than sporadic cancers. 

Another mutation frequently detected in colorectal and 
other malignancies is at the p53 locus on chromosome 17. The 
product p53 is a nuclear DNA-binding phosphoprotein that is 
expressed in virtually all cells. It has a short half-life and appears 
to have an important role in the regulation of cell proliferation. 
Studies of p53 expression in cultured cells show that increased 
levels are associated either with an abnormal mutated protein?* 
or stabilization of the protein in a complex with viral antigens’®. 
The presence of raised protein levels can therefore be used as 
a marker for mutated p53 and several antibodies that permit 
detection of abnormal p53 expression are now available. 

Abnormal p53 expression is detected by immunohisto- 
chemical methods in up to 55 per cent of sporadic colorectal 
tumours™®. This compares with a frequency of allelic deletion of 
the p53 locus in 75 per cent of colorectal cancers?*. In contrast, 
adenomatous polyps have an incidence of p53 mutations of 
8-20 per cent’?!; these alterations are seen in polyps with 
epithelial dysplasia, although the p53-positive areas are 
histologically indistinguishable from neighbouring negative 
regions’. Alterations at the p53 locus may be important in 
progression from a non-malignant phenotype to carcinoma. 
The present finding of abnormal p53 expression in 52 per cent 
of cancers in ulcerative colitis suggests that in this respect these 
tumours do not differ from their sporadic counterparts, despite 
other differences in molecular biology. It would seem that the 
two subsets of colorectal cancer have this pathway of tumour 
development in common, whereas a significant proportion of 
colitic cancers undergoes an as yet unidentified genetic 
alteration that can effect similar actions to the c-Ki-ras 
mutation. 

Positive immunoreactivity was found for p53 in six of 20 
samples showing epithelial dysplasia, five of which were of high 
grade. Allelic loss of the p53 gene has been demonstrated in 
cases of dysplasia in ulcerative colitis?”-?® and it may be that 
the loss of a p53 allele is a marker of progression to carcinoma. 

From the data presented, the practical application of an 
immunohistochemical technique for detecting p53 expression 
in biopsies obtained at screening colonoscopy appears to be 
limited. Of 22 biopsies obtained in four colonoscopies, only 
one showed immunoreactivity. However, in three of the four 
colonoscopic examinations only low-grade dysplasia was 
present; five of a total of 11 instances of high-grade dysplasia 
were positive for p53 in the present study. Moreover, 
colonoscopic biopsies are small and, in large tumours and the 
larger specimens with dysplasia, staining tends to be patchy 
and discontinuous. It may be that, with larger biopsies or a 
greater number of samples, areas of positive immunoreactivity 
might be included. The significance of one instance of 
immunopositivity in a case of low-grade dysplasia is unclear; 
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in a recent study, loss of heterozygosity for p53 was seen in 
specimens of low-grade dysplasia and in mucosa negative for 
dysplasia in ulcerative colitis?®. It may be that the presence of 
dysplasia and positive immunoreactivity for p53 in a biopsy 
specimen should prompt the clinician to regard the case with 
a higher degree of suspicion. This possibility should be clarified 
by testing biopsies obtained at successive colonoscopies in a 
larger group of patients. 
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New technique to measure 
mucosal metabolism and its use to 
map substrate utilization in the 
healthy human large bowel 


A new method of assessing substrate utilization in gastrointestinal 
mucosal specimens is described. Small human endoscopic biopsy 
specimens with wet weights ranging between 1-4 and 12:2 mg were used 
to quantify the oxidation of three metabolic substrates, glucose, 
glutamine and butyrate, through to carbon dioxide over a 2-h period. 
The technique proved to be reproducible and capable of distinguishing 
variations in mucosal metabolism between individuals (P < 0-0001 for 
each substrate). Results were similar to those obtained previously using 
human and rat colonocytes. To characterize the metabolism of the 
healthy large bowel, specimens were obtained from five regions in 15 
patients who had a normal colonoscopic examination. The results show 
that butyrate is the preferred fuel source of large bowel mucosa, followed 
by glutamine, then glucose (P < 0-01). There was no significant regional 
variation in utilization of the three substrates between the five regions; 
with respect to glutamine, this is contrary to previous findings. 


There has recently been considerable clinical interest in defining 
the metabolic activity of the gastrointestinal mucosa!~*. This 
is due to an increasing awareness of the importance of mucosal 
energy metabolism in a variety of large bowel diseases*. For 
example, a lack of luminal butyrate has been implicated as a 
cause of diversion colitis? and a failure to metabolize butyrate 
has been suggested as a cause of ulcerative colitis®. This has 
led to therapeutic manoeuvres such as the use of butyrate and 
glutamine enemas to treat these conditions’~°. 

The paucity of information on this subject results, in part, 
from the difficulties of obtaining metabolic data on human 
intestinal mucosa. Previous biochemical investigations of 
gastrointestinal substrate utilization have been hampered by 
the need for large tissue specimens, which can be obtained only 
at operation. Hence, it has not been possible to follow the 
course of a disease or any effects that treatment may have on 
mucosal metabolism. This has led to the extrapolation of 
findings from animal experiments, and the results have 
suggested similarities between the metabolic role of the rumen 
and the human colon!°~!*; however, there are few confirmatory 
data. These studies have used a variety of techniques such as 
mucosal scrapings'®, everted mucosal sacs!7, apical membrane 
vesicles'®, isolated colonic crypts'®, organ perfusion?°, 
epithelial (colonocyte) isolation?! and mucosal strips'*. 

As a response to these problems, a technique capable of 
assessing the oxidation of metabolic fuel sources in small 
endoscopic biopsy specimens has been devised. The validation 
of this technique and the results of an investigation of regional 
variation in the healthy large bowel are described. 

The respiratory fuels necessary to maintain cellular function 
and turnover in intestinal mucosa can be derived from either 
the intestinal lumen or the circulation. In the small bowel the 
preferred fuel substrate is glutamine??. In the colonic lumen 
the major available fuels are the short-chain fatty acids acetate, 
propionate and butyrate, which are produced by anaerobic 
fermentation of insoluble polysaccharides by bacteria?>. Of 
these, butyrate appears to be the major energy source for colonic 
mucosa**. Thus, glucose, glutamine and butyrate were chosen 
as suitable fuel sources for this investigation. 
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Patients and methods 


All materials were of analytical or equivalent grade. Radioisotopes were 
obtained from Amersham International (Little Chalfont, UK) and New 
England Nuclear Du Pont (Dreiech, Germany). 


Determination of metabolic activity 
The metabolic capability of each biopsy specimen was determined by 
measuring the ability of the sample to oxidize ['*C]glucose, glutamine 
or butyrate to carbon dioxide over a 2-h incubation. Biopsies were 
transported to the laboratory in normal saline at 0°C and assayed 
within 1 h>They were blotted dry, weighed (wet weight data not shown) 
and placed in a 20-ml MacCartney bottle (Figure 1) that contained 
2 ml sterile RPMI 1640 cell culture medium (Gibco, Paisley, UK) 
supplemented with S mmol/l L-glutamine and 5mmoi/I sodium 
butyrate; 11-1 mmol/l glucose was already present. The pH was 
readjusted to 7-4 by titrating with 1 mol/l sodium hydroxide. 

To assess the wet:dry weight ratio for colonic mucosa, five biopsies 


Filter paper soaked 
in NaOH 


100% oxygen 





Radlolabelled glucose 
or glutamine or 
butyrate 


Figure 1 Diagrammatic representation of the assay method 
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from two patients were weighed and dried in an oven at 60°C for 24h 
before reweighing. The mean weight reduction was 82 (range 78-85) 
er cent. 

j To trace the conversion of the metabolites to carbon dioxide, either 
148 KBq p-[U-'*C]glucose (Amersham), 37 KBq L-[U-'*C] glutamine 
(Amersham) or 3-7 KBq [1-'*C]sodium butyrate (New England 
Nuclear) was added to each incubation bottle. A 2 x 1 cm glass filter 
paper (size 10; Whatman, Maidstone, UK ) soaked in 120 yl 1 mol/l 
sodium hydroxide was placed in an Eppendorf (Hamburg, Germany) 
reaction tube and suspended in the MacCartney bottle. The bottle was 
sealed with a gas-tight Subaseal (Gallenkamp, Loughborough, UK) 
before the air was displaced by gassing with 100 per cent oxygen through 
the seal for 30 s. 

After 2 h in a shaking water-bath at 37°C, 0:5 ml 1 mol/l sulphuric 
acid was injected through the rubber stopper to terminate the 
incubation and displace the dissolved carbon dioxide from solution. 
. This was absorbed by the sodium hydroxide on the filter paper. The 
filter paper was removed 30 min later and the trapped radioactivity 
determined by liquid scintillation counting in 4 ml Optimase Hiphase 
U Scintillant (Packard Instruments, Groningen, The Netherlands) 
using a Beckman LS200 scintillation counter (Beckman Instruments, 
High Wycombe, UK). 

The biopsy specimens were then recovered and frozen at —70°C 
until the protein estimation was performed by the method of Lowry 
et al.?* after homogenization for 1 min in 1 ml phosphate-buffered saline 
with 0-1 per cent sodium dodecylsulphate using a polytron blender 
(Kinematica, Luzem, Switzerland). This allowed the final metabolic 
fluxes to be expressed as picomoles per microgram protein per hour. The 
presence of 1 mol/l sulphuric acid did not affect the assay: identical 
results were obtained when it was performed on known concentrations 
of acid-treated and non-acid-treated bovine serum albumin (data not 
shown). 

Basal radioactivity resulting from the action of the acid on 
radiolabelled substrate was determined by incubating medium without 
added biopsy samples, but with the radiolabelled substrate. These 
values were subtracted from those obtained in the presence of tissue 
in each case. 


Reproducibility 


It is not possible to assess the reproducibility of this assay because each 
biopsy specimen can be used once only. However, this difficulty can 
be overcome by taking biopsies from immediately adjacent areas of 
mucosa and assuming that the metabolic capability is the same. Thus, 
in four patients undergoing surgical resection of the colon, six mucosal 
biopsies were taken from adjacent regions of normal-looking mucosa, 
at least 10cm from any pathological lesion. This was performed for 
each fuel substrate and the metabolic flux to carbon dioxide assessed. 


Tissue viability 

Groups of three adjacent mucosal biopsies were taken from a resection 
specimen in two patients and incubated for times varying from 30 min 
to 5h with y-[U-'*C glutamine. Three assays were performed at each 
time point and the amount of glutamine oxidized calculated. 


Microbiology 


To assess the number of bacteria being introduced into the reaction 
tube by the biopsy, homogenates of large bowel mucosa were cultured. 
Between 0-5 and 1 g normal-looking mucosa was dissected from the 
bowel of a surgically resected piece of colon, blotted dry and weighed 
before being ground in a sterile glass homogenizer in 5 ml normal 
saline. Serial dilutions of the homogenate to 107° were plated on to 
blood agar culture plates. These were incubated aerobically and 
anaerobically for up to 4 days before the number of colony-forming 
units (c.f.u.) was counted. 

The effect of bacterial contamination from the MacCartney bottle 
or rubber stopper was investigated by comparing the basal counts of 
tubes and stoppers that had or had not been sterilized. 


Assessment of the capability of sodium hydroxide to capture carbon 
dioxide 


To establish whether sodium hydroxide was present in sufficient 
concentration to absorb the carbon dioxide generated, suspensions of 
four common gut organisms (Enterobacter cloacae, Escherichia coll, 
Enterococcus faecalis, Bacteroides) were added in 0-25-ml aliquots to 
RPMI medium instead of the biopsy material so as to oxidize large 
quantities o fuel substrate. This was performed three times for cach 
fuel source. Sibsequent culture of the bacterial suspensions showed 
that 1:55 x 10° c.f.u. had been added to each reaction bottle. 


Assessment of regional variation of mucosal metabolism in normal 
large bowel 

Colonoscopic biopsy samples were obtained from 11 women (median 
age 44 (range 26-78) years) and four men (median age 64 (range 
61-68) years) with apparently normal colonic mucosa. All the patients 
had followed a standard bowel preparation regimen using Picolax 
(sodium picosulphate and magnesium citrate; Ferring Pharmaceuticals, 
Feltham, UK). Triplicate biopsies were taken from each of five sites 
of the large bowel: ascending colon (ileocaecal valve to hepatic flexure), 
transverse colon (hepatic to splenic flexure), descending colon (splenic 
to sigmoid flexure), sigmoid colon (sigmoid flexure to proximal rectal 
valve) and rectum. 


Ethics 

This study was approved by the Tower Hamlets District Ethical 
Committee and full informed consent obtained from each patient before 
biopsies were taken. 


Statistical analysis 

To assess the sample variation, the coefficient of variance (c.v.) and 
one-way F test (analysis of variance: ANOVA) were used. No 
assumptions were made about the distribution of the data, so the 
non-parametric Mann-Whitney U and Kruskal-Wallis H tests were 
used to assess statistical significance. Confidence Interval Analysis 
software (British Medical Association, London, UK) was used to 
calculate confidence intervals, using the Wilcoxon method, 


Calculations 

The efficiency of the scintillation counter was established by using 
known concentrations of '*C, so that counts per minute could be 
converted to disintegrations per minute. The specific activity of each 
fuel substrate was calculated from the radioactive concentration given 
by the manufacturer’s data sheet, allowing for the dilution that occurred 
when the substrate was added to the cell culture medium. The quantity 
of fuel oxidized to carbon dioxide was equal to the number of 
disintegrations per second divided by the specific activity. 


Results 

Reproducibility 

The intersample variation from four experiments using each 
substrate is shown in Table 1. A one-tailed F test (ANOVA) 
on variance ratios of the results from the biopsies of the 15 
patients studied shows that this assay can distinguish variations 


in the mucosal metabolism of these fuel substrates between 
individuals (Table 1). 


Tissue viability 

Glutamine oxidation occurred at a linear rate (r= 0-99, 
P < 0-001; r = 0-97, P = 0-006) over 5 h (Figure 2) for the two 
patients studied. 


Microbiology 


In the three experiments there were, respectively, 50, 0 and 

3cf.u. per 10 mg wet weight of tissue that grew aerobically. 

The anaerobic culture yielded 980, 5800 and 0 c.f.u. per 10 mg. 
There was no significant difference between the basal counts 


Table 1 Intersample coefficient of variance calculated from four 
experiments, each comprising six biopsies 





Intersample coefficient F for interpatient 





of variance (%)* variationt 
Glucose 24 (15-26) 5:25 { : 43 
Glutamine 23 (7-37) 2297 | Ot 3 
Butyrate 21 (17-26) 526} f 4 > 





*Values are mean (range). tThe one-tailed F test was performed on 
the results from the 15 patients studied; v, and v, are the upper and 
lower degrees of freedom respectively. t P < 00001 
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of the bottles and stoppers that were sterilized and those that 
were not (Table 2). 


Assessment of the capability of sodium hydroxide to capture 
carbon dioxide 

During the experiment with bacterial cultures, counts obtained 
were an order of magnitude higher than the highest counts 
obtained using mucosal tissue. Thus, sodium hydroxide was 
present in sufficient quantity to absorb the carbon dioxide 
generated by the biopsies. Bacteria oxidized glucose at a rate 
of 8:6 x 1074 pmol per c.f.u. per h, glutamine at 2:3 x 1074 
pmol per c.f.u. per h and butyrate at 8-9 x 1076 pmol per cfu. 


per h. 


Assessment of regional variation of mucosal metabolism in 
normal large bowel 

While there was a degree of variation between the median 
colonic utilization of the ‘substrates between individuals 





0 50 100 150 200 250 300 


Oxidation rate (pmol per ug proteln) 


Incubatlon time {min} 


Figure 2 Rate of glutamine oxidation in colonic mucosa from two 
patients. Three biopsies were assayed at each time point and the linear 
regression lines plotted (——, o: r = 0-989, P < 0-001; —, e: r = 0-969, 
P = 0-006). The x axis intercept is not significantly different from the 
origin 


Table 2 Efect of sterilizing the MacCartney bottles and stoppers on 
the basal count for each substrate 
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(Table 3), there was no significant variation in substrate 
oxidation between any of the sites of the large bowel (H = 3-28, 
3-04 and 0:97 for glucose, glutamine and butyrate, respectively; 
P not significant). 

There being no significant regional variation in substrate 
oxidation, a median value was calculated for each patient, and 
from this a median for the population investigated was obtained 
(Figure 3). This showed that butyrate is the preferred fuel 
source, followed by glutamine, then glucose (P < 0-01). 

Only one attempt was made to obtain each sample so as to 
minimize the duration of colonoscopy; hence values were not 
obtained for all the colonic regions. Rarely (<2 per cent) results 
were not obtained because of contamination of the filter paper 
with neat isotope or failure to retrieve the specimen for protein 
estimation. 


Discussion 

Studies on human mucosal metabolism are rare. Roediger and 
Truelove?! harvested large bowel epithelial cells (colonocytes) 
from surgical resection specimens, so could not study the 
sequential changes that occur during disease exacerbation and 
remission or the effects of treatment. 

In the present study a technique has been reported that 
enables quantitative estimation, under controlled conditions, 
of fuel substrate oxidation to carbon dioxide in mucosal biopsy 
specimens. The technique is simple to use and requires only 
small pieces of tissue of 1-4~12-2 mg wet weight. This allows a 
large number of experiments to be performed, which is 
particularly valuable for metabolic studies. The intersample c.v. 


1000 


100 


Utilization rate (pmol per ug per h) 





Glucose* Glutamine* Butyrate* 
Experiment Non- Non- Non- 
no. sterile Sterile sterile Sterile sterile Sterile 
1 253 354 18 44 245 175 1 
2 357 301 56 60 136 167 Glucose Glutamine Butyrate 
3 352 428 36 59 187 198 





Values are expressed as colony-forming units. *P not significant 
(non-sterile versus sterile; F values were 3-88, 0-03 and 0-08 for glucose, 
glutamine and butyrate respectively) 


Fuel substrate 


Figure3 Rate of utilization of glucose, glutamine and butyrate in normal 
colonic mucosa. Values are median (95 per cent confidence interval). 
*P < 0-01 (Mann-Whitney U test) 


Table 3 Regional tissue oxidation of glucose, glutamine and butyrate to carbon dioxide 

















Glucose Glutamine Butyrate 
No. of No. of No. of 
Oxidation rate* patients Oxidation rate* patients Oxidation icin : patients 
Ascending colon 71 (57-119) 7 63 (38-442) 8 446 (270-1442) 7 
Transverse colon 6:5 (46-180) 9 76 (36—402) 10 508 (266-1233) 10 
Descending colon 9:5 (6-2-18-5) 11 84 (22-180) 12 568 (377-4142) 11 
Sigmoid colon 9-3 (6-6-17-4) 12 43 (23-98) 14 555 (354-5764) 11 
Rectum 9-0 (5:2-22:1) 11 99 (43—213) 11 533 (382-681) ... 9 





*Values are median (95 per cent confidence interval) expressed as pmol carbon dioxide per yg protein per h 
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Table 4 Maximum energy yields from fuel substrates 





When fully oxidized: 
1 mol glucose yields 38 mol ATP 
1 mol glutamine yields 30 mol ATP 
1 mol buyrate yields 25-5 mol ATP 


In norma! colon: 


Glucose yields 0:3 nmol ATP per yg protein per h 
Glutamine yields 1-4 nmol ATP per yg protein per h 
Butyrate yields 13-3 nmol ATP per yg protein per h 





ATP, adenosine 5’-triphosphate 


is large but similar values have been obtained in other metabolic 
work such as the investigation of bile acid absorption by the 
ileal mucosa?®, This may be partly because it is impossible to 
obtain two metabolically identical pieces of tissue. 

The variation in substrate utilization between patients, 
which is greater than the intersample c.v., may be due to a 
number of causes. It is of interest that the concentration of 
butyrate within the colon is dependent on diet?”:?® and that 
fasting causes a decrease in the oxidation of glucose, glutamine 
and butyrate in rat colonocytes?®. Therefore, it is most likely 
that variation between individuals is a normal phenomenon 
that may be ascribed to genetic variation and, perhaps, to 
long-standing differences in diet. 

It has been shown that there are fewer than 6000 bacterial 
cfu. in a 10-mg (approximately 500 ug protein) biopsy 
specimen. If it is assumed that all 6000 cfu. are capable of 
oxidizing the fuel sources despite the aerobic environment, then 
the rate of consumption of glucose would be 5-1 pmol/h, of 
glutamine 1-4 pmol/h and of butyrate 0-053 pmol/h. This is 
only a small fraction of the amount oxidized by the biopsy 
specimens. Thus, it is highly unlikely that bacteria are 
responsible for utilizing a significant quantity of substrate. 

The biopsies exhibited a linear rate of substrate utilization 
(Figure 2). There is no lag phase in the rate of glutamine 
oxidation at the start of the incubation period and the tissue 
remains metabolically active for at least the 2-h incubation. 

The findings in this study show that, in the human colon, 
butyrate is oxidized in greater amounts than glutamine or 
glucose (Figure 3). However, glucose is a six-carbon structure 
and so contains more energy than the four-carbon butyrate 
molecule. The maximum energy yields were calculated 
(Table 4) from the median values in Figure 3. It can be seen 
that, of the three energy sources, butyrate is the most important; 
this confirms earlier evidence obtained from human colonocytes 
that butyrate is a major energy source for large bowel mucosa?*, 

Roediger** found that in human colonocytes, in the presence 
of 10 mmol/l glucose, the flux of [1-!+C]butyrate to carbon 
dioxide was about 1 umol per min per g dry weight. However, 
the mean flux from butyrate to carbon dioxide in the present 
study was 0-5 umol per min per g wet weight. When this was 
multiplied by the ratio of dry:wet weight, butyrate flux was 
approximately 2:5 umol per min per g dry weight. This is a 
similar order of magnitude to that found in the colonocyte. 

A similar calculation shows that glutamine flux to carbon 
dioxide in the present study was 83-3 nmol per min per g wet 
weight and 0-4 umol per min per g dry weight, similar to the 
value obtained -by Roediger’! in the rat colonocyte of 1 umol 
per min per g dry weight. 

Unfortunately, there are no comparable data for the 
conversion of glucose to carbon dioxide in the colon. However, 
it has been calculated that only 5-10 per cent of the total 
glucose utilization in rat colonocytes is accounted for by 
oxidation to carbon dioxide’®. If this figure is applied to 
measurements of total glucose utilization in human colonocytes, 
which is about 4 umol per min per g dry weight in the presence 
of 10 mmol/l butyrate, then the flux to carbon dioxide would 
be approximately 0-2—0-4 umol per min per g dry weight. This 
may be compared with the flux found in the present study of 


8-3 nmol per min per g wet weight, equivalent to approximately 
0-05 pmol per min per g dry weight. 

Thus, the present results are of a similar order of magnitude 
to those of other workers, even though the techniques are very 
different and whole mucosa is being studied rather than isolated 
colonocytes. 

This assay may overestimate the consumption of butyrate 
by the mucosa as only one of the carbon atoms is radiolabelled 
((U-'*C]sodium butyrate is not commercially available) and 
the assumption is made that if the 1-'*C atom is oxidized the 
other three will have an equal chance of being oxidized. This 
is likely as the butyrate molecule is cleaved to form two 
molecules of acetyl coenzyme A, one of which is radiolabelled. 

The present study confirms the finding that there is no 
difference in conversion of butyrate to carbon dioxide between 
the ascending and descending colon?*. However, it would be 
interesting to investigate the production of ketone bodies at 
different sites, as it has been shown in the rabbit that ketogenesis 
decreases from the caecum to rectum as more of the luminal 
butyrate is oxidized to carbon dioxide. This suggests that the 
distal colon is more reliant on butyrate than the proximal 
colon‘*, Animal studies using unlabelled glutamine have shown 
a decrease in glutamine oxidation on distal progression along 
the large bowel*°. The present authors have been unable to 
confirm this in the human. This may be because one of the 
['*C]glutamine atoms might enter the Krebs’ cycle at a point 
other than a-ketoglutarate as a result of, for example, 
transamination. Alternatively, a small change may be masked 
by the large interpatient variation. However, in vivo reliance 
on luminal glutamine is probably minimal as it would be avidly 
utilized by the gut flora as an energy and nitrogen source*!, 

It is not surprising that glucose oxidation does not exhibit 
regional variation, as glucose appears to be of only minor 
importance as a fuel source and would be delivered to the 
mucosa via the circulation. : 

The microtechnique for assessing substrate utilization in 
gastrointestinal mucosa reported in the present paper yields 
similar results to those found in the study of rat and human 
colonocytes. Because only small biopsy samples are required, 
exciting new possibilities are opened up for the study of diseased 
mucosa. The technique also allows in vitro assessment of new 
therapeutic agents aimed at treating mucosal disease, and could 
be applied to mucosa from other organs such as the bladder. 
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Abdominal aortic aneurysm: still 
missing the message 


Over a 7-month period 50 patients presented to the vascular unit with 
a ruptured or acute symptomatic abdominal aortic aneurysm (AAA). 
Information regarding the 24 months before acute presentation was 
obtained from the patient, family doctor and relevant case records to 
determine whether an asymptomatic aneurysm had previously been 
diagnosed but the patient not referred to the vascular service, or whether 
the patient had undergone an examination at which an aneurysm might 
reasonably have been expected to be diagnosed. Thirteen patients 
(26 per cent) had previously had an AAA diagnosed but only five had 
been referred. Thirteen patients (26 per cent) had had a total of 16 
inpatient hospital admissions without an asymptomatic aneurysm being 
diagnosed. Six patients (12 per cent) underwent abdominal examination 
for an unrelated complaint by the family doctor without an asymptomatic 
aneurysm being diagnosed. A significant impact on overall mortality 
from aortic aneurysm may be made by increasing the number of patients 
undergoing elective aneurysm repair. All doctors should assess aortic 
diameter in all patients over 50 years of age who undergo abdominal 
examination for whatever reason. All patients diagnosed as having an 
asymptomatic AAA should be referred to a vascular surgeon for 


Mr J. A. Murie assessment. 


Rupture of an abdominal aortic aneurysm (AAA) is responsible 
for 1-7 per cent of all deaths in men aged 64-75 years'. The 
annual incidence of ruptured AAA has increased to 17 per 
100000 population? and there has been a corresponding 
increase in both elective and emergency aneurysm surgery?*. 
Approximately 5-4 per cent of men aged between 55 and 75 
years have an asymptomatic AAA® and, once dilatation has 
occurred, the aorta can be expected to continue to expand®’. 
Rupture can, however, occur while the aneurysm is still small®. 
After rupture more than half the patients will die before reaching 
hospital?; the overall survival rate has been estimated? to be 
as low as 14 per cent. There is a significant difference in 
operative mortality rate between elective (4-3 per cent) and 
emergency (36 per cent) aneurysm surgery’, leading to calls 
for increased rates of referral of patients with asymptomatic 
lesions!°:!!, Screening for small AAAs has also been advocated. 

The aim of this study was to determine how many patients 
with acute symptomatic or ruptured AAA had passed through 
the hands of the medical profession in the 24 months before 
acute presentation and who, therefore, might have undergone 
elective surgery if their condition had been diagnosed and they 
had been referred for early vascular surgical assessment. 


Patients and methods 


Fifty consecutive patients referred to the regional vascular surgical 
service with a diagnosis of acute symptomatic or ruptured AAA were 
entered into the study, including some who did not have an operation 
for a variety of medical reasons. Information was gathered from the 
patient, relatives, family doctor and hospital records regarding the 
2-year period before the date of acute presentation to determine whether 
the aneurysm had previously been diagnosed and the patient 
appropriately referred, or whether the patient had undergone an 
examination in either hospital or general practice that could reasonably 
have been expected to discover the lesion while it was still 
asymptomatic. 

The 50 patients were recruited over a 7-month period commencing 
April 1991. There were 41 men and nine women, an expected male 
predominance’*. The mean(s.d.) age was 72(6) (range 63-83) years. 
The mean(s.d.) maximum transverse diameter of the aneurysm at 
presentation was 7-6(1-9) cm; only five were <5-5 cm. At the time of 


acute presentation the size was measured directly at operation, if 
performed, or by ultrasonography or computed tomography. 


Results 


Thirteen of the 50 patients presented acutely with an aneurysm 
that had previously been diagnosed; eight of these 13 had never 
been referred to the vascular service following diagnosis of an 
asymptomatic AAA. These eight patients presented acutely at 
a mean(s.d.) of 13(11) months after diagnosis. The method of 
diagnosis and aneurysm size at diagnosis and presentation are 
shown in Table 1. The other five patients whose aneurysm had 
previously been diagnosed had already been referred electively 
to the vascular service. Three had been considered unfit for 
elective aortic repair, one with a small aneurysm (4-5 cm in 
diameter) was being followed up by serial ultrasonography at 
intervals of 6 months, and the last was awaiting elective 
aneurysm repair. 

Thirteen of the remaining 37 patients had had a total of 16 
inpatient admissions in the 24 months before acute presentation 
(Table 2). Six of these 13 patients had had a total of eight 
admissions for ischaemic heart disease or hypertension, six had 
undergone recent surgery and one had had two admissions with 
pneumothorax. These patients subsequently presented acutely 
with the aneurysm at a mean(s.d.) of 15(6) months following 
inpatient admission. 

Of the rémaining 24 patients, six had been examined by 
their family doctor in the 24 months before acute presentation 
without a diagnosis of asymptomatic aneurysm being made 
(Tabie 3). This included two patients who subsequently 
underwent surgery for an inguinal hernia. 

It is apparent, therefore, that only 18 (36 per cent) of the 
50 patients with an acutely symptomatic or ruptured AAA had 
had little or no contact with the medical profession in the 24 
months before emergency admission to hospital; a further 27 
(54 per cent) had either been diagnosed in the asymptomatic 
state and not referred for assessment or had been examined 
but not diagnosed. All of these patients were considered to have 
aneurysms that were easily palpable. 
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Table 1 Patients in whom an asymptomatic aneurysm had been diagnosed but no referral made 




















Time to Size at Size at 
Age Reason for presentation diagnosis presentation 
(years) Sex Method of diagnosis investigation Final diagnosis (months) (cm) (cm) 
64 M Ultrasonography Abdominal pain Crohn’s disease 17 55 10 
77 M Abdominal radiography Abdominal pain Cholecystitis 5 — 48 
76 M Intravenous urography Abdominal pain Ureteric colic 24 — 
81 M Laparotomy Sigmoid colectomy Colonic carcinoma 24 5 8 
61 M Computed tomography Assessment of — 1 
lung tumour 
70 M Radiography of Back pain Sciatica 4 ~~ 7 
lumbar spine ; 
70 M Ultrasonography Abdominal pain Myeloma 9 45 
80 F Ultrasonography Abdominal pain Diverticular disease 16 5 7 
Table 2 Patients admitted to hospital in the 24 months before acute presentation without an asymptomatic aneurysm being diagnosed 
Time to Size at 

Age presentation presentation 
(years) Sex Reason for admission (months) (cm) 
64 M Myocardial infarction il 6-2 
77 M Inguinal hernia repair 23 70 
74 M Inguinal hernia repair 13 75 
74 M Myocardial infarction 10 8 
68 M Myocardial infarction 10 T5 

Coronary artery bypass graft 1-5 
70 M Transurethral resection of prostate 20 7 
64 M Hypertension 20 7 

Hypertension 24 
74 M Pneumothorax 11 8 

Pneumothorax 12 
63 M Cardiac catheterization 16 8 
82 M Lens implant 10 8 
70 M Fractured hip 18 12 
67 M Myocardial infarction 22 10 
75 M . Transurethral resection of prostate 12 8 


Table 3. Patients examined by their family doctor in the 24 months before acute presentation without an asymptomatic aneurysm being diagnosed 








Time to Size at 
Age Reason for presentation presentation 
(years) Sex examination (months) Reason for non-referral (cm) 
77 M Inguinal hernia 23 Missed 7 
74 M Inguinal hernia 13 Missed TS 
14 M Pulsatile abdominal Examined 3 times Diagnosed as inoperable cancer 8 
swelling within 1 month 
70 M Back pain 3 Missed 10 
Plain radiograph showed aneurysm 
but no action taken 
70 M Epigastric mass 2 Missed 9 
Referred with gastrointestinal 
malignancy 
73 M Dyspepsia 3 Missed 10 
Discussion 


The overall mortality associated with AAA could be reduced 
by increasing the proportion of patients undergoing elective as 
opposed to emergency aneurysm surgery. Screening for 
asymptomatic aneurysm has been advocated, although the yield 
of previously unknown aneurysms >4 cm in diameter is low 
(approximately 2 per cent) in patients selected by age and sex 
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alone; most aneurysms found*:!3~!> are <4 cm. Better results 
are obtained by screening high-risk groups such as patients 
with hypertension!® (5-3 per cent), first-degree relatives of 
patients with aneurysm!” (3-9 per cent) and claudicants!®. 
Attendance rates for screening, when offered, are about 
50 per cent*!415217, Unfortunately, most published series 
continue to report a ratio of elective to emergency operation 
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for aneurysm surgery close to 1:1, despite calls for increased 
rates of referral'®!!-!9, Referral for elective aneurysm surgery 
is too often thought inappropriate on the grounds of age and 
there is a poor perception of outcome?®, yet, even in patients 
over 80 years old, surgery can be successful with careful case 
selection”. The overall incidence of rupture of an untreated 
asymptomatic aneurysm?! is approximately 25 per cent per 
annum, rising to 50 per cent per annum if the lesion is 
symptomatic. Referral of patients with small aneurysms may 
also be considered inappropriate, yet 10 per cent of all ruptures 
occur? when the aortic dilatation is <5 cm. 

It is likely that a significant number of patients (16 per cent 
in the present study) present acutely with a previously 
diagnosed, but unreferred, aneurysm. If all such patients with 
aneurysm were referred to a vascular surgeon for assessment, 
and if aortic size were routinely estimated whenever abdominal 
examination was performed, the number of patients undergoing 
elective surgery could be increased even without screening 
programmes. 
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Reoperation for suspected 
primary hyperparathyroidism 


A retrospective analysis of 93 patients undergoing 128 re-explorations 
for persistent or recurrent hypercalcaemia is presented. Seventy-six 
patients (82 per cent) became normocalcaemic after between one and 
five reoperations. Nine patients had hypercalcaemia caused by 
sarcoidosis, familial hypocalciuric hypercalcaemia or metastatic disease, 
and two had parathyroid carcinoma. Fifteen patients (16 per cent) 
developed permanent hypoparathyroidism requiring vitamin D and/or 
calcium therapy and nine had permanent: recurrent laryngeal nerve 
paralysis. Undetected adenomas (41 cases) and inadequate resection in 
hyperplastic disease (28) were the predominant causes of initial failure. 
Reoperation for persistent or recurrent hyperparathyroidism restored 
normocalcaemia in the majority of patients. This ‘cure’ was achieved 
at the cost of considerable morbidity and a careful risk—benefit analysis 
of each patient is recommended before performing reoperative 


Eksjo, Sweden 


Persistent or recurrent hyperparathyroidism has become a 
common clinical problem as the number of patients undergoing 
cervical exploration for parathyroid disease has increased over 
the past 15—20 years. This retrospective study of a large number 
of patients with persistent or recurrent hyperparathyroidism 
attempts to identify the reasons for initial failure and the 
risk—benefit of reoperative surgery. 


Patients and methods 


Between 1973 and 1991, 93 patients (72 women and 21 men; median 
age 63 (range 22-83) years) underwent 128 parathyroid reoperations. 
Three surgeons performed 123 of the procedures. The median follow-up 
was 41 months (range 6 months to 16 years). Seventy-six patients had 
persistent and 17 recurrent hypercalcaemia. (Recurrent disease was 
defined as hypercalcaemia occurring >6 months after initial surgery.) 
The median time to relapse was 44 (range 7-108) months. Sixty-six 
patients had one reoperation, 21 had two, five had three and one had 
five reoperations. 

The initial neck operation was performed by 31 different surgeons 
with varying degrees of experience in endot¢rine surgery. In the 
operation report the surgeon claimed that four parathyroid glands were 
identified in 29 cases, three in 21, two in 25 and one in 13. In five cases 
no parathyroid gland was revealed. Frozen-section examination was 
used in only 45 per cent of the primary operations. 

The median serum calcium concentration (normal range 2:20-2:60 
mmol/l) before reoperation was 2'80 (range 2:60-3:45) mmol/l. 
Serum parathyroid hormone (PTH) concentration, measured with 
several different antibodies, was raised before operation in 62 patients 
(67 per cent). Selective catheterization of the neck veins with sampling 
of blood for PTH determination’ was performed before 119 of the 128 
reoperations. A concentration >50 per cent above the mean value of 
PTH in the large central veins (subclavian, innominate, superior caval ) 
was considered indicative of an overactive parathyroid gland. 


Results 


The precise indications for parathyroid reoperation were 
difficult to assess retrospectively from the patient records. High 
serum calcium levels (> 3-0 mmol/I) were noted in 21 patients 
(23 per cent) and symptoms of severe hypercalcaemia (fatigue, 
muscle weakness, mental influence and/or renal stone(s)) in 24 
(26 per cent). 





Published in part in abstract form as Ann Chir Gynaecol Suppl 1989; 
204: 6 
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parathyroid surgery. 


Venous sampling gave a correct location in only 27 of 119 
investigations (23 per cent; Table 1). 

` The results of reoperative surgery are shown in Table 2. 

Forty-one patients had single adenomas, 28 had hyperplastic 


Table 1 Results of selective neck vein catheterization with parathyroid 
hormone level determination as localizing technique before 119 
reoperations for suspected hyperparathyroidism 











No. of 
investigations 
Inconclusive 67 (56) 
True positive 27 (23) 
False positive 6 (5) 


Clear parathyroid hormone maximum concentration 19 (16) 
but no diseased gland found at operation 





Values in parentheses are percentages 


Table 2 Surgical results in 93 patients with persistent or recurrent 
hyperparathyroidism 





Cured Not cured 





First reoperation (n = 93) 60* 33 
Second reoperation (n = 27) 14 13 
Third reoperation (n = 6) 5 1 
Fourth reoperation (n = 1) 0 1 
Fifth reoperation (n = 1) 1 0 


*Four of the patients ‘cured’ by the first reoperation developed 
recurrent hypercalcaemia after 12, 54, 74 and 150 months. These four 
patients were reoperated on a second time 


Table 3 Location of 41 parathyroid adenomas missed at the first 
exploration 





No. of cases 
Normal 20 
Thymus (reached from the neck) 9 
Mediastinum 6 
Carotid sheath 3 
Intrathyroid 2 
Retro-oesophageal i 
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Table 4 Number of parathyroid glands identified and removed at first 
operation in 28 patients with hyperplastic disease ` 








No. of cases 
No. of glands identified 
4 10 
3 10 
2 5 
1 3 
No. of glands resected 
<1 7 
1:5-2 11 
25-3 10 
Table 5 Reasons for failure of primary neck exploration 
No. 





Poor intraoperative localization 35 

Inadequate resection in hyperplastic disease (<2:5 glands) 28 

Misdiagnosis (sarcoidosis, familial hypocalciuric 9 
hypercalcaemia, metastatic disease) 

Mediastinal localization 6 

Double adenomas 5 

Adenoma in fifth gland (4 normal glands identified ) 3 

Macroscopic misdiagnosis (thyroid nodule mistaken for 2 
parathyroid adenoma) 

Parathyroid carcinoma 2 


Table6 Outcome in 17 hypercalcaemic patients not cured by reoperative 
parathyroid surgery 








No. 
Misdiagnosed (n = 9) 
Sarcoidosis 4 
Familial hypocalciuric hypercalcaemia 3 
Malignancy 2 
Probably hyperparathyroid but not reoperated on (n = 6) 
Asymptomatic, slight hypercalcaemia 3 
Dead before reconsideration 1 
Old age, heart problems 1 
Refused repeat operation 1 
Parathyroid carcinoma 2 





disease and seven were cured despite no abnormal parathyroid 
gland being removed at reoperation. One patient with 
hyperplastic disease, cured after a second reoperation, was 
subsequently shown to have multiple endocrine neoplasia type I 
syndrome. 

The cause of failure was determined in 69 initial operations 
(Tables3 and 4). Undetected adenomas and inadequate 
resection in multiglandular disease were the predominant 
reasons (Table 5). 

Various types of surgical procedure were used at reoperation 
but usually only one side, indicated by preoperative PTH 
sampling, was explored. Parathyroid adenomas were usually 
removed solely or together with biopsies of one or two normal 
glands. In hyperplastic disease, removal of parathyroid tissue 
aimed at preserving half of a gland in situ or transplanting it 
to the sternocleidomastoid muscle. One and a half glands were 
removed at reoperation in each individual (median value). 

Two intrathyroidal parathyroid adenomas were found in 47 
resected thyroid specimens (generally subtotal resection of the 
lower part of one thyroid lobe). Mediastinal exploration was 
carried out in 15 patients and six parathyroid adenomas were 
found. 

Nine hypercalcaemic patients were not cured by reoperative 
parathyroid surgery and were subsequently shown to have other 
conditions (Table 6). 


Complications 

Permanent paralysis of the recurrent laryngeal nerve occurred 
in nine patients (10 per cent). Bilateral recurrent nerve paralysis 
was not observed. 

Permanent postoperative hypocalcaemia was present in 15 
patients (16 per cent: nine with adenomas, six with hyperplastic 
disease). In 11 of these, hypocalcaemia appeared after the third 
or fourth neck exploration. All hypoparathyroid patients 
achieved nomocalcaemia with calcium and/or vitamin D 
supplementation. 


Discussion 

Some 82 per cent of the patients in this study had persistent 
or recurrent hypercalcaemia cured by surgery, which is slightly 
lower than the rate of 72-100 per cent reported by others?-* 
(Table7). Complications were not uncommon and the 
frequencies of nerve damage and permanent hypocalcaemia 
were five to ten times higher than usually reported after primary 


Table 7 English language reports on results* of reoperative parathyroid surgery including more than 40 reoperations 


Complication rate (%) 








No. of Cure rate 
Reference Year reoperations (%)t Palsy Hypocalcaemia 
Wang? 1977 112 91 0 3 
Edis et al.? 1978 54 72 2 30 
van Vroonhoven and Muller* 1978 51 100 4 2 
Granberg et al.5 1982 79 83 — 13 
Brennan and Norton 1985 179 90 6 — 
Grant et al.’ 1986 157 89 4 14 
Kristoffersson et al.® 1986 45 74 9 6 
Bruining et al.? 1987 89 — — — 
Cheung et al.!° 1989 83 86 1 10 
Katz and Formichella’! 1989 42 100 — — 
Levin and Clark? 1989 89 91 — — 
Rothmund et al. 1990 70 96 6 27 
Present series 1993 128 82 10 16 
Median 90 4 13 
*If several studies have been published from the same institution, only the largest was incorporated in this summary. t Defined as elimination of 
hypercalcaemia 
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exploration. Vocal cord paralysis frequently occurs despite 
intraoperative visualization of the recurrent laryngeal nerve**. 
This high morbidity rate suggests that not all patients with 
persistent or recurrent hyperparathyroidism should undergo 
neck re-exploration®:!5. In the absence of overt symptoms of 


‘hypercalcaemia, patients with slightly to moderately raised 


levels (serum calcium <29 mmol/l) probably fare better 
without additional surgery. The results from the present study 
indicate that this conservative policy is particularly appropriate 
when the initial operation was performed by an experienced 
endocrine surgeon or when all four glands were identified at 
the first exploration. 

The criteria for selecting hypercalcaemic patients for 
parathyroid re-exploration are not usually given when 
presenting the results of surgery*’® and may be defined only as 
patients with previous neck surgery and hypercalcaemia. Such 
broad inclusion criteria allow great variation in study 
populations, accounting for the varying cure rates reported in 
Table 7. 

In the present study, failure of the first operation was related 
to the operating surgeon’s performance and the pathophysio- 
logical disorder of the patient (Table 5). The most common 
reason for failure was poor intraoperative localization of the 
adenoma. Primary parathyroid surgery should therefore be 
performed or supervised by an endocrine surgeon familiar with 
the normal and unusual locations of parathyroid glands in the 
neck. The second most common reason for failure was 
inadequate resection in patients with hyperplasia. It has been 
recommended that between one-half and one normal size gland 


(50-100 mg) should be left in situ or autotransplanted but 


between one and one and a half remaining glands may result 
in recurrent or persistent hypercalcaemia. ' 

To minimize the complications in reoperative surgery it is 
preferable to localize the site of diseased gland(s) before 
operation. Ultrasonography, computed tomography, thallium- 
technetium scanning and magnetic resonance imaging have 
success rates of between 60 and 70 per cent in cases of persistent 
or recurrent hyperparathyroidism1®™ 11:16-19, Selective venous 
sampling with PTH analysis may be successful in about 
80 per cent of cases?°-??, Intra-arterial digital subtraction 
angiography has an accuracy of 60-80 per cent???’ and similar 
results have recently been reported for intraoperative 
ultrasonography?*-?*, Monitoring of urinary adenosine 3’,5’- 
cyclic monophosphate?*?® or serum PTH?” during re- 
exploration may be helpful. The skills of an experienced 
endocrine surgeon are the most superior localizing method in 
this condition?®. Ultrasonography with percutaneous biopsy 
and PTH determination of a suspected adenoma can be highly 
accurate??, 

The main pitfalls in reoperation for persistent or recurrent 
hyperparathyroidism were outlined by Hellström?’ in 1957. 
Mediastinal exploration is seldom required** and should 
include the anterior and posterior mediastinum*!*?. A 
relatively common cause of persistent hypercalcaemia is familial 
hypocalciuric hypercalcaemia>***, which represents an error 
of diagnosis and should be considered especially if only 
macroscopically normal parathyroid glands have been 
identified. Family history and determination of urinary calcium 
excretion usually allow an accurate diagnosis, although some 
patients display normal urinary calcium concentrations and 
slightly increased PTH levels**. 
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Benign ductal adenomas of the breast may mimic carcinoma 
and inappropriate mastectomy may be carried out’. A patient 
with this condition is presented, emphasizing the need to obtain 
a histological report before proceeding to surgery. 


Case report 


A 75-year-old woman presented with a 4-day history of a discharging 
right breast lesion. The breast segment had been discoloured for 2 
weeks, but there was no history of lump, pain or nipple discharge. 

Examination revealed nipple inversion, a 5 x 5cm bruised area 
over the lower outer quadrant, with central ulceration and an offensive 
discharge. No discrete mass was palpable and there was no associated 
lymphadenopathy. The left breast was normal. The clinical impression 
was of locally advanced carcinoma and arrangements were made for 
‘toilet mastectomy’. 

Results of fine-needle biopsy were negative for malignant cells. At 
excision biopsy a cavity containing thick green pus was encountered; 


this was sterile on subsequent culture. The wound, which was left open, ` 


healed in 6 weeks. The lesion had been completely excised and no 
further surgery was required. 


Histopathology 

The specimen consisted of an ellipse of skin, 4-5 x 2-3 cm, with a central 
0-8-cm defect; a nodule measuring 2:5 x 2 x 2cm was noted in the 
underlying tissue. Histological examination revealed skin ulceration. 
The nodule was arising in and distending a duct (Figure 1). It was 
composed of tubular or glandular structures lined with a double layer 
of cells, an inner epithelial and an outer myoepithelial layer, surrounded 
by a dense fibrous stroma. There was no evidence of a papillary growth 
pattern. Occasional mitoses were noted, as were foci of apocrine 
metaplasia. The tumour was confined to the duct with no evidence of 
invasion and showed features of benign adenoma. 


Discussion 


Solitary duct papillomas of the breast are rare in the elderly?». 
They are usually only a few millimetres in size, found close to 
the nipple in the terminal duct segments, and associated with 
a serous or serosanguinous discharge. They may infarct or 


456 


benign hypercalcemia. J Pediatr 1972; 81: 1060-7. 

34. Firek AF, Kao PC, Heath H III. Plasma intact parathyroid 
hormone (PTH) and PTH-related peptide in familial benign 
hypercalcemia: greater responsiveness to endogenous PTH than 
4 beet hyperparathyroidism.'J Clin Endocrinol Metab 1991; 


Paper accepted 22 August 1992 





Figure 1 Low-power photomicrograph showing glandular proliferation 
filling a large duct. Note the fibrous stroma between glands. 
(Haematoxylin and eosin stain, original magnification x 30) 


prolapse through the duct orifice?"?. Haagensen? reported only 
one abscess which was related to a small papilloma, without 
skin ulceration. ; 

The present lesion was a ‘ductal adenoma’, which is larger, 
occurs in an older age group and is more commonly found in 
the proximal duct segments’. The microscopic features typical 
of a ductal adenoma are of a non-papillary mass composed of 
tubules lined with epithelial and myoepithelial cells, separated 
by a moderate amount of connective tissue with a few mitoses’. 
This latter feature, the cellularity, complexity of pattern and 
apparent capsule invasion can result in confusion with 
carcinoma, and inappropriate mastectomy may be performed’*. 

This lesion had the clinical features of a malignant tumour, 
but cytological analysis revealed only inflammatory cells. 
Frozen-section biopsy is inadvisable because the histological 
results may be more confusing and cellular architecture 
distorted. Open biopsy was performed to include the ulcerated 
area of skin because a primary disorder of the skin, such as 
pyoderma gangrenosum or malignant tumour, could not be 
excluded. 

This rare condition helps to emphasize the need for 
histological confirmation of the diagnosis in breast conditions 
before proceeding to radical surgery. 
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Intraoperative assessment of 
nodal status in the selection of 
patients with breast cancer for 
axillary clearance 


Preliminary axillary node sampling with intraoperative reporting of 
imprint cytology to detect positive nodes was assessed in 50 consecutive 
patients with T, or T, breast cancer undergoing axillary clearance, 21 
of whom were histologically node positive. A mean of 3-5 (range 1—4) 
nodes were sampled. Axillary clearance yielded a mean of 11-7 (range 
4-32) nodes. Of node-positive patients, sampled nodes detected 18 of 
21 on immediate processing, one on subsequent paraffin sections, and 
failed to detect two (one of ten and one of 17 positive nodes). If the 
technique had been used during operation to select patients for axillary 
clearance, 29 of 50 would have avoided the operation, one of two 
node-positive patients would have required delayed axillary treatment 
and two of 21 with minimal axillary disease would not have received 
further axillary treatment or adjuvant therapy. The technique may be 
useful in reducing the morbidity of breast cancer surgery without 


Mr M. Burke 


In patients with operable breast cancer, knowledge of axillary 
node status is important as a prognostic factor and helps to 
select women for adjuvant treatment. The involved axilla should 
be treated to prevent morbidity from uncontrolled locoregional 
disease. Clinical assessment of axillary node status is, however, 
unreliable. Veronesi et al.! reported that 25 per cent of women 
with clinical stage I disease had histological node involvement, 
and Edwards et al.? and Simpson and McIntyre? found that 
palpable nodes could regress after simple mastectomy. 
Histological examination is at present the only reliable method 
for assessing axillary node status. Routine axillary clearance 
would expose a large number of node-negative women to the 
risk of perioperative and long-term morbidity, for no benefit. 
Axillary effusions* occur in 28—49 per cent of patients and arm 
swelling>® may occur in 7 per cent. Lymphoedema is 
uncommon after axillary sampling alone® and many accept 
axillary node sampling as a reliable index of axillary status™®. 
Others feel’that axillary clearance is best™”!° and argue that 
radiotherapy following positive node sampling leads to 
increased morbidity. 

Examination of cytological imprints from lymph nodes is 
useful for intraoperative staging in patients with gastric 
carcinoma‘! and for postoperative staging in those with breast 
cancer!?, The method is quick, sensitive and specific. This study 
examines whether preliminary axillary node sampling with 
intraoperative reporting of cytological imprints from the nodes 
would be a useful method of selecting node-positive women for 
immediate axillary clearance, thus sparing node-negative 
women from unnecessary axillary treatment. 


Patients and methods 


Fifty consecutive women, aged 21-79 years, were studied. Diagnosis 
was made before operation by clinical examination, fine-needle 
aspiration biopsy and mammography. Invasive disease was confirmed 
by frozen section of Tru-Cut (Travenol Laboratories, Deerfield, Illinois, 
USA) or incision biopsies. 

Node sampling was performed through an anterior axillary incision. 
The pectoral muscles were exposed, cleared to their insertions and 
retracted forwards. After incision of the anterior axillary fascia, the 
whole axillary contents were swept from the medial wall and palpated 
between finger and thumb from apex to axillary tail. Four hard and/or 
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increasing the risk of locoregional or distant recurrence. 


enlarged nodes were sought, dissected without disruption and sent 
immediately to the histopathology laboratory as sample nodes. The 
procedure took a maximum of 10 min. 

Sample nodes were processed while definitive surgery continued 
with axillary clearance in all patients. Fat was dissected from the sample 
nodes which were bisected and the cut surface of one half touched on 
to a clean slide, which was immediately fixed in formol—acetic alcohol 
and stained with haematoxylin and eosin. The same half-node was then 
frozen and sections cut and stained with haematoxylin and eosin before 
being processed with the other half for paraffin sectioning. 
Paraffin-embedded material from the sample nodes, the breast and all 
the axillary clearance nodes was then routinely examined. The number 
of nodes in the axillary clearance and the total number of positive 
nodes from sample and clearance were recorded. 

All cytological imprints and frozen sections were reassembled, 
allocated a study number and examined for metastases by two 
pathologists who were unaware of the nodal status of the patient. 

Epithelial cell marker studies were performed on four of the nodes 
after formalin fixation. The monoclonal antibodies CAM 5.2 
(Becton—Dickinson, Cowley, UK) and EMA (Dako, High 
Wycombe, UK )!* were applied using an indirect strep~avidin—biotin 
immunoperoxidase technique. CAM 5.2 stains cytokeratin; EMA stains 
an epithelial cell surface antigen of molecular weight 265-400 kDa. 


Results 


A mean of 3-5 (range 1—4) sample nodes per patient and 11-7 
(range 4-32) total axillary nodes per patient were studied. It 
was not always possible to sample four nodes, especially when 
they were small. In one case only one node was found, but it 
did contain tumour. 


Patient analysis 

Twenty-one patients were found to have nodal metastases on 
examination of the whole axillary contents. Of these, 18 were 
detected by imprint cytology and frozen section of sample 
nodes. There were three false-negative results. In two cases, the 
four sample nodes were negative by all methods, but one of 
ten and one of 17 positive nodes were found after axillary 
clearance. In the third case, a tumour deposit was found in the 
routinely processed half of one of the four sample nodes from 
a patient with a final total of two of 13 positive nodes. 
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Figure 1 A positive imprint. Numerous malignant epithelial cells are 
seen among lymphocytes. (Original magnification x 400) 


Individual node analysis 

The total number of nodes sampled from the 18 patients with 
positive samples was 61; the individual range was from one to 
four. Of the 61 nodes, 51 contained tumour on imprint cytology, 
frozen section or paraffin section. Imprint cytology detected 50 
of the 51 nodal metastases (Figure 1). It failed to detect tumour 
in one node. In four nodes it was the only method to identify 
malignant cells, including the routinely processed haematoxylin 
and eosin stained section and examination of the remaining 
half-node. Epithelial cell markers were used on sections of these 
four nodes. A group of EMA- and CAM 5.2-positive cells was 
identified in the subcapsular sinus of one node but could not 
be correlated with cells on the haematoxylin and eosin stained 
preparation. 

Frozen section identified 46 (90 per cent) of the positive 
nodes. Tumour was not identified in the four nodes found to 
be positive by imprint cytology alone and there was one further 
false-negative result. 


Discussion 

This study shows that a sample of four axillary lymph nodes 
examined by a rapid tissue-processing technique detects nodal 
metastases. The sampling method allows reliable identification 
of positive nodes by the surgeon: 84 per cent of sampled nodes 
contained tumour in node-positive patients and false-negative 
results occurred only with minimal axillary disease (one of ten 
and one of 17 nodes positive). 

Imprint cytology failed to identify one of 51 positive nodes. 
In four nodes it detected tumour cells that could not be shown 
by any other method, including staining further sections of the 
nodes with monoclonal antibodies to epithelial cell membranes 
and cytokeratin. This is consistent with the recognized ability 
of cytological examination to detect minimal disease!?!5 and 
the finding of micrometastases on detailed histochemical 
analysis of axillary nodes previously reported as nega- 
tive!3:14.16.17. The significance of such micrometastases is 
unclear!*:17, No treatment decisions would have depended on 
the finding of cytological micrometastases in these patients as 
other positive sample nodes were present in each case. 

Only two women with a single positive node would have 
been denied adjuvant therapy or further axillary treatment if 
node sampling and rapid tissue-processing had been the only 
procedure. The significance of one positive node may not be 
very great!®. 

Operative time for the procedure was limited to 10 min and 
the nodes were processed during the definitive breast operation. 
If the results had been used to select patients for axillary 
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clearance, 29 of 50 would have been spared the operation, with 
an obvious saving in theatre time. During this pilot study 
laboratory staff formed the subjective impression that 
good-quality cytological imprints were quicker and easier to 
prepare than frozen sections of lymph nodes. Cytological 
examination also detected more positive nodes. Because this 
pilot study suggests that preliminary node sampling and rapid 
intraoperative tissue processing will not lead to undertreatment, 
the technique is now being applied clinically. Node-negative 
patients undergo no further surgery or radiotherapy to the 
axilla, while node-positive women proceed to full axillary 
clearance without axillary radiotherapy. A prospective 
evaluation of the effect of this policy on perioperative morbidity, 
duration of hospital stay, long-term arm swelling and shoulder 
stiffness, and locoregional recurrence is under way. 
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Detection and significance of 
occult metastases in 
node-negative breast cancer 


The clinical value of lymph node immunohistochemistry was assessed 
in 343 consecutive patients with apparently node-negative breast cancer 
using antimucin monoclonal antibodies BC2, BC3 and 3E1.2. Occult 
metastases were detected in 41 patients (12 per cent). Although most 
of these were micrometastatic (<2mm in diameter), larger or diffuse 
deposits were found in ten patients. Blind assessment of repeat 
haematoxylin and eosin stained sections detected metastases in ten of 
the 41 patients with occult metastases. After a median follow-up of 79 
months, patients with occult metastases had a shorter time to disease 
recurrence (P < 0-05) but not to death. After adjustment for other 
prognostic factors, the presence of occult metastases in two or more 
nodes was the most significant predictor of both disease recurrence 
(P < 0-01) and death (P < 0-01). When the ten patients with positive 
haematoxylin and eosin sections were excluded from the analysis, the 
presence of occult metastases in two or more nodes was still associated 
with a reduced disease-free interval (P < 0-05) and survival (P < 0-05). 
Lymph node immunohistochemistry is a simple technique affording more 


Tyne NE1 4LP, UK 


The most important prognostic indicator in patients with 
operable breast cancer remains histological lymph node status. 
Since approximately 15 per cent of patients with negative nodes 
die within 5 years of diagnosis'~*, knowledge of nodal status 
is insufficient to identify all those likely to benefit from adjuvant 
therapy. The inability of currently available prognostic factors 
to define high-risk node-negative patients underlies the 
controversial recommendation that all such women be offered 
adjuvant therapy’. 

Routine histological practice is to examine haematoxylin 
and eosin stained sections from one level in each lymph node. 
Careful review of apparently negative nodes by serial sectioning 
demonstrates the presence of occult metastases in 9—33 per cent 
of cases®-!°. Although the presence of these metastases has 
generally been held to be insignificant, there have been sporadic 
reports that nodal micrometastases in the following subgroups 
are related to poor outcome: those in the upper axilla’!, those 
associated with T, tumours after extended follow-up!? and 
those >1-3mm in diameter’. The recent Ludwig study, 
analysing 921 patients with negative nodes, demonstrated 
reduced rates of disease-free survival (58 versus 74 per cent) 
and overall survival (79 versus 88 per cent) in those with occult 
metastases'®. A drawback of the technique as reported is the 
large number of sections to be examined: six levels per block 
from a mean of 12 paraffin blocks per patient. It has been 
argued that sectioning the node in three equidistant planes 
yields sufficient information in most cases™!4., 

The superiority of immunohistochemistry over routine 
haematoxylin and eosin staining in detecting occult metastases 
in lymph nodes has already been demonstrated'*!°. Trojani 
et al. are, however, the only workers previously to have assessed 
the prognostic significance of immunohistochemically detected 
occult metastases'®!7, They found the presence of such 
metastases on the original haematoxylin and eosin sections to 
be associated with reduced disease-free and overall survival for 
ductal but not lobular cancers. Over a 12-year period, Trojani 
et al. collected only 122 node-negative patients with ductal 
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accurate definition of nodal involvement than conventional methods. 


cancer! but 86 with lobular tumours!’, casting some doubt 
on the selection of cases. 

This study examines the efficacy of a simple immunohisto- 
chemical technique in detecting occult nodal metastases in 
patients with apparently node-negative breast cancer (Union 
Internacional Contra la Cancrum stage T,_, No Mo). 


Patients and methods 


Patients 

A total of 343 consecutive patients with node-negative invasive ductal 
or lobular carcinoma undergoing surgery between January 1977 and 
December 1983 were studied. Formalin-fixed paraffin-embedded blocks 
representing each carcinoma and all processed lymph nodes were 
retrieved. All patients were originally reported to be histologically 
node negative and those known to have distant metastases at diagnosis 
were excluded. Clinicopathological details are given in Table 1. 


Immunohistochemistry 

A mixture of three antimucin murine monoclonal antibodies was used: 
BC2 (immunoglobulin (Ig) G,), BC3 (IgM) and 3E1.2 (IgM). The 
production and use of these antibodies, raised against human mammary 
carcinoma cells, has been reported previously*®?!, Immunoperoxidase 
staining was performed on 4-ym paraffin sections from each carcinoma 
(positive controls) and all lymph node blocks. The primary antibody 
mixture was applied for 60 min followed by rabbit antimouse peroxidase 
conjugate (Dakopatts, Glostrup, Denmark) for 60 min. Sections were 
developed with diaminobenzidine and counterstained with haematoxylin. 
Duplicate sections (negative controls ) were incubated with an irrelevant 
IgG antibody (30.6). 


Interpretation of immunostaining 
Three different patterns of staining of carcinoma were recognized: 
cytoplasmic, cell membrane and extracellular including juxtaluminal. 
Primary breast carcinoma sections were graded according to the area 
(percentage) of cells stained: grade 0, 0 per cent; grade 1, 1-25 per cent; 
grade 2, 26-50 per cent; grade 3, 51-75 per cent; or grade 4, 
76-100 per cent, and average intensity of staining: 0 (negative) up to 
4 (intense). The product of the area and intensity grades (immunoscore ) 
was used as a semiquantitative index of staining: score 0 as negative, 
1—4 as weak, 6-12 as intermediate and 16 as strong. 

Lymph node immunosections were screened by one author (PJ.H.) 
and all cases of positive or questionable staining reviewed by a second 
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Table 1.. Clinicopathological details for patients with and without occult 
metastases 


Occult metastases 








Negative Positive Total 
(n = 302) (n= 41) (n = 343) 
Mean (range) age 57-1 (24-85) 54:9 (34-79) 56-9 (24-85) 
(years) 
UICC stage 
pT, 154 16 170 
pT, 105 19 124 
pT; 5 1 6 
PT 4p 1 0 1 
pT, 37 5 42 
Histological type 
Invasive ductal 285 37 322 
Invasive lobular 17 4 21 
Bloom and Richardson grade 
1 55 6 61 
2 85 18 103 
3 138 il 149 
Not appropriate 24 6 30 
Hormone receptors (cut-off 10 fmol/mg) 
Oestrogen receptor 
Negative 122 13 135 
Positive 180 28 208 
Progesterone receptor 
Negative 143 11 154 
Positive 137 24 161 
Not assayed 22 6 28 
Surgery 
Total mastectomy 298 41 339 
Partial mastectomy 4 0 4 
No. of axillary nodes examined 
1-5 61 5 66 
6-10 145 20 165 
11-15 75 12 87 
16-20 18 3 21 
21-25 3 1 4 
Postoperative adjuvant therapy 
None : 259 34 293 
Radiotherapy 31 7 38 
Chemotherapy 9 0 9 
Radiotherapy and 3 0 3 
chemotherapy 





UICC, Union Internacional Contra la Cancrum 


(D.M.}. Only nodal deposits confirmed on the corresponding 
haematoxylin and eosin sections were considered positive. Vernier 
measurements were made of the largest deposit present in each case. 
The corresponding haematoxylin and eosin sections for all patients 
with antibody-positive lymph nodes (n = 41) and a comparable number 
with antibody-negative nodes (n = 41) were blindly assessed by a third 
author (R.G.S.) for the presence of metastatic carcinoma. 


Histology and hormone receptors 

Duplicate haematoxylin and eosin sections from all parent carcinomas 
were evaluated for histological type and Bloom and Richardson 
grade??, Oestrogen and progesterone receptor levels were measured by 
a five-point gel filtration radioligand binding assay?°. 


Follow-up 


Survival and disease-free data were retrieved from the Victorian Cancer 
Registry, hospital records and attending clinicians and general 
practitioners by postal questionnaire. Crude survival and disease-free 
data were obtained for 98 and 75 per cent of patients respectively. The 
median follow-up was 79 months. 


Statistical analysis 

Overall survival and disease-free interval were analysed using 
Kaplan—Meier plots and the log rank test. Factors influencing overall 
survival and disease relapse were investigated using Cox regression 
analysis. Correlations were assessed using Kendall’s t. 


Results 


Immunohistochemical staining 

Immunohistochemical staining of the primary breast carcinoma 
controls was generally strong (n= 155; 45 per cent) or 
intermediate (n = 141; 41 percent). In 45 tumours (13 percent) 
staining was weak and in two (1 per cent) negative. Occult 
metastases were detected immunohistochemically in the lymph 
nodes of 41 patients (12 per cent). Immunostaining of the 41 
corresponding primary tumours was strong in 19 patients 
(46 per cent), intermediate in 20 (49 per cent), weak in two 
(5 per cent) and negative in none. The maximum sizes of the 
occult metastases and number of nodes involved are shown in 
Table 2. Most occult metastases were micrometastatic (<2 mm 
in diameter) but in ten patients (24 per cent) they were at least 
2 mm in size or diffuse. There was a strong correlation between 
the number of nodes involved with occult metastases and the 
size of the largest metastasis (t = 0-97, P < 0-001). Although 
many smaller metastases were emboli situated in the 
subcapsular sinus, the nodal parenchyma was invaded in 37 of 
the 41 positive cases. 

Of the 41 patients with antibody-positive nodes, metastases 
were detected by blind review of the corresponding 
haematoxylin and eosin sections in ten; in four of these only a. 
proportion of the known occult metastases was detected. Of 41 
antibody-negative cases no further occult metastases were 
detected and there was one haematoxylin and eosin false 
positive. The accuracy of blind haematoxylin and eosin 
examination did, however, improve with increasing size of the 
deposits (Table 2). 

Table! gives a breakdown of the parameters studied 
according to the presence or absence of occult metastases. The 
groups were broadly similar. 


Overall survival and disease-free interval 


For the whole study group, the 5-year actuarial mortality rate 
was 15 per cent (Table 3) and disease recurrence rate 17 per cent 
(Table 4). For those with occult metastases, the 5-year actuarial | 
mortality and relapse rates were 13 and 32 per cent respectively. 
The presence of occult metastases was a significant predictor 
of disease recurrence (log rank y? = 4-90, 1 d.f., P < 0-05) but 
not of death. 

The survival and disease-free rates were compared with the 
number of nodes involved by occult metastases (Figures 1 and 
2). The absolute number of nodes involved significantly 
predicted survival (x° = 4-08, 1df., P<005) and disease 
recurrence (y? = 7-06, 1 df., P <0-01). Figures 1 and 2 show 
that most difference occurred between patients with none or 
one and two to four nodes positive (x? = 6-56, 1 d.f., P < 0-05 
for survival and x° = 7:17, 1 d.f., P < 0-01 for recurrence). The 
final Cox model, therefore, included the same cut-off of none 
or one versus two to four nodes positive for occult metastases. 


Table 2 Morphological features of occult metastases 











Haematoxylin and eosin* 
Negative Positive Total 
(n = 31) (n=10) (n= 41) 
Maximum size of occult metastases (mm) 
<O1 10 0 10 
0-1-0-9 12 4 16 
10-19 4 1 5 
2:0-4-0 1 4 5 
Diffuse 1 5 
No. of nodes with occult metastases 
1 20 3 23 
2 6 3 9 
3 4 4 8 
4 1 0 1 





*Groups without (negative) and with (positive) nodal deposits 
recognized on blind review of haematoxylin and eosin stained sections 
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Table 3 Actuarial mortality rate and relative risk of death for 343 women with apparently node-negative breast cancer 











Cox logistic regression 
5-year P 
mortality Relative risk 
Group No. rate (%) Univariate Multivariate (95% c.i.)* 
All 343 15 
Occult metastases 
Negative 302 15 
Positive 4l 13 
H & E positive 10 23 na: ne: 
H & E negative , 31 10 
No. of nodes with occult metastases 
0 : i ; 302 15 | 1-00 
1 23 0 <005 <0-01 
2-4 18 30 3-54 (1:68-7:44) 
Maximum size of occult metastases (mm) 
<2 31 14 
22 5 25 n.s. ns. 
Diffuse 5 0 
Age (years) 
<60 185 13 100 
60-69 97 15 <005 <0-05 1:37 (103-183) 
270 61 21 1-89 (1:06-3:35) 
Tumour size (mm )f 
<20 170 14 } } 
>20 131 17 a as: 
Histology 
Ductal 322 16 } } 
Lobular 21 6 ns on 
Bloom and Richardson grade 
i 61 9 } 1-00 
2 103 11 <05 <005 
3 149 21 209 (1:29-3-40) 


Hormone receptors (cut-off 10 fmol/mg) 
Oestrogen receptor 


Negative 135 18 } } 

Positive 208 13 AS: ns, 
Progesterone receptor 

Negative 154 19 } } 

Positive 161 10 ns: ne 





H & E, haematoxylin and eosin; n.s., not significant; c.i., confidence interval. * Relative to the reference groups; tlesions in 42 of the 343 patients 
were stage pT, 


100 








BO Orne e a eee 
s 
s 2 
2 ® 60 
g Su 00 eee 
3 
$ Bee sae 
i Y 
3 i] 
n 2 
a z0 
D es OE E eres EN U 
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96 
Time after operation (months) Time after operation (months) 
No. at risk No. at risk 
No nodes 302 289 279 256 233 214 158 100 66 No nodes 225 215 193 174 157 136 103 70 46 
1 node 23 22 22 22 20 19 14 10 6 1 node 18 18 17 15 13 12 9 6 
22 nodes 18 18 16 14 13 11 7 5 %2 nodes 13 12 6 6 5 5 3 3 
Figure 1 Survival rate for patients with occult metastases in none (—), Figure 2 Disease-free rate for patients with occult metastases in none 
one (-----) and two or more (-——) nodes (—), one (-----) and two or more (-——) nodes 
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Table 4 Actuarial disease recurrence rate and relative risk of recurrence for 343 women with apparently node-negative breast cancer 


Cox logistic regression 

















5-year P 
recurrence Relative risk 
Group No. rate (%) Univariate Multivariate (95% c.i.)* 
All 343 17 
Occult metastases 
Negative 302 16 | 
Positive 41 32 =v ae 
H & E positive. 10 53 } ni 
H & E negative 31 24 = 
No. of nodes with occult metastases 
0 302 16 } 100 
1 23 23 <001 <001 
2-4 18 46 4:00 (1:67—-9-58) 
Maximum size of occult metastases (mm) 
<2 31 41 
22 5 25 n.s ns. 
Diffuse 5 0 
Age (years) 
<60 185 41 
60-69 97 18 ns. n.s. 
>70 6l 27 
Tumour size (mm)t 
<20 170 13 
>20 131 21 } BS } ne 
Histology 
Ductal 322 18 | 
Lobular 21 14 } ee meee 
Bloom and Richardson grade 
1 61 20 
2 103 15 ns. ns. 
3 149 20 
Hormone receptors (cut-off 10 fmol/mg) 
Oestrogen receptor 
Negative 135 15 } } 
Positive 208 19 ot a 
Progesterone receptor 
Negative 154 17 } 
Positive 161 ` 15 } n.8. ns. 





H & E, haematoxylin and eosin; n.s., not significant; c.i., confidence interval. * Relative to the reference groups; tlesions in 42 of the 343 patients 


were stage pT, 


Of all the variables tested (Tables 3 and 4), the number of 
nodes positive for occult metastases best predicted death and 
disease recurrence. No significant relationship was seen between 
the size of the largest occult metastasis and survival or 
disease-free interval. 

Other variables that were significant predictors of survival 
but not disease-free interval were age (y7 = 4-38, 1df., 
P < 0-05) and Bloom and Richardson grade (x? = 5-54, 1 d.f., 
P < 005). Presence of deposits on haematoxylin and eosin 
blind review, oestrogen receptor and progesterone receptor 
status, and tumour size were not significantly associated with 
outcome. 

Cox multivariate analysis (Table 3) indicated that age ( < 60, 
60—69,.>70 years), Bloom and Richardson grade (1 or 2 versus 
3) and number of nodes with occult metastases (none or one 
versus two to four) were independently associated with overall 
survival. The best predictor of early death was the presence of 
occult metastases in two or more nodes. For time to disease 
relapse (Table 4), only the presence of occult metastases in two 
or more nodes was independently significant. 

When the ten patients with positive haematoxylin and eosin 
results were excluded, univariate survival analysis showed no 
significant reduction in time to disease relapse or death for those 
with occult metastases. The presence of occult metastases in 
two or more nodes was, however, still associated with shortened 
time to recurrence (x° = 4-00, 1 df, P<0-05) and death 
(x? = 610, 1 d.f., P < 0-05). 
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Discussion 

The detection of nodal metastases is dependent on several 
factors: the extent of axillary dissection, the thoroughness with 
which palpable and visible nodes are sought in the operative 
specimen, the plane in which the node is sectioned and the 
number of levels examined, the method of staining and the 
recognition of malignant cells by the pathologist. 

This study demonstrated occult metastases in 12 per cent 
of patients previously considered and treated as node negative. 
Although many deposits were moderately large, the ability of 
the antibody mixture to detect small clumps of metastatic 
carcinoma and even single cells was striking. Macrophages and 
other single cells occasionally stained positively but were readily 
dismissed in conjunction with the haematoxylin and eosin 
section. 

The significance of occult metastases of any size and 
micrometastases (<2 mm in diameter) in regional lymph nodes 
is currently uncertain. Data from the present study indicate 
that the presence of occult metastases in two or more lymph 
nodes has independent prognostic significance, being associated 
with an increase in the 5-year mortality rate from 15 to 
30 per cent and in the disease recurrence rate from 16 to 46 
per cent. Even if patients with deposits seen on haematoxylin 
and eosin blind review are excluded, the presence of occult 
metastases in two or more lymph nodes still identifies a group 
with reduced time to relapse and death, although i it is recognized 
that the number of subjects in this group is small (n = 11). 
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The shortcomings of the present study are recognized. Only 
nine of 75 deaths occurred in the high-risk group with occult 
metastases in two or more nodes. One possible explanation is 
that only a single level of each node was studied. Since step 
sectioning detects occult metastases in up to 33 per cent of 
patients with negative nodes*!° and immunohistochemistry 
detects four times as many such metastases as haematoxylin 
and eosin staining, occult metastases may actually be present 
in the majority of patients with clinical breast cancer. A 
combination of immunohistochemistry and serial sectioning of 
axillary lymph nodes would help evaluate the significance of 
occult axillary metastases. 

A further confounding factor may be the treatment given to 
the axilla in the present series. Axillary clearance may ‘cure’ 
some patients with occult metastases, improving their prognosis 
to the levels seen in those without metastases. 

Although the median follow-up was >6 years, patients with 
node-negative disease may relapse after many years and 
prolonged follow-up is required to establish the role of occult 
metastases in such cases. 

The National Surgical Adjuvant Breast and Bowel Project?* 
demonstrated a near-linear relationship between the number 
of axillary nodes containing metastases and prognosis. The 
present study confirms that this observation can be extrapolated 
to include occult tumour load in apparently negative nodes. 
Lymph node status is currently used as a major factor in 
separating groups of patients in clinical trials; it is important 
to recognize that any report of node status is inherently 
dependent on the methodology used. Lymph node immuno- 
histology is a useful adjunct to routine histological techniques. 
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Antibiotic prophylaxis is indicated 
for chest stab wounds requiring 
closed tube thoracostomy 


To determine the role of antibiotic prophylaxis for stab wounds of the 
chest requiring intercostal tube drainage, a double-blind study was 
conducted comparing cefazolin, given to 57 patients at 500 mg every 
8 h for 24 h, with placebo, given to 56. Differences were detected in the 
rate of thoracotomy for sepsis (antibiotic nil versus placebo 9 per cent, 
P < 0-05) and in the frequency of sputa positive for pathogens (12 
versus 34 per cent respectively, P < 0-05), but the incidence of pyrexia, 
raised white cell count, positive cultures from pleural drainage or 
intercostal catheter tips and volume of chest drainage was similar. The 
mean hospital stay and costs consequent on morbidity were greater in 
patients receiving placebo, supporting the conclusion that antibiotic 


Observatory 7925, Cape Town, 
South Africa 


The rationale of perioperative antimicrobial prophylaxis is well 
established from animal studies and clinical trials’. In areas 
such as colorectal surgery the indication is beyond debate, but 
for traumatic haemothorax or pneumothorax requiring 
intercostal tube drainage the position is not yet clear. Closed 
tube thoracostomy is an effective method of pleural drainage 
in trauma with reported empyema rates of <3 per cent?. 
Previous reports, however, included traumatic and spontaneous 
pneumothorax*** and did not separate blunt from penetrating 
trauma*—’ or gunshot from stab wounds®. Consequently there 
is both support for and opposition to the use of antibiotic 
prophylaxis against overt infection. Previous experience 
(unpublished results) indicated a complication rate of 
>10 per cent, no hospital consensus on antimicrobial 
prophylaxis being found. 

If antibiotic prophylaxis is indicated, the agent should have 
a spectrum covering the pathogens commonly encountered, 
principally Staphylococcus aureus, Staph. epidermidis and 
occasional enteric Gram-negative organisms’. Clindamycin® 
and cefoxitin’ are reported to be of some benefit, but the most 
widely used agents in cardiothoracic surgery are the first- 
generation cephalosporins, with broad spectrum and low 
toxicity. Cefazolin (Kefzol; Eli Lilly, Isando, South Africa) was 
selected for the present study because it was rarely used 
institutionally, relatively cheap and could be administered using 
an 8-h regimen. A randomized double-blind placebo-controlled 
study was conducted in patients with stab wounds of the chest 
requiring drainage of the pleural space, to determine whether 
a difference in the rate of infective complications could be 
detected. 


Patients and methods 


All patients sustaining penetrating chest trauma presenting between 
August 1989 and December 1990 were eligible. The entry criteria were 
that the injury was sustained within 24 h of admission and placement 
of an intercostal tube drain for pneumothorax and/or haemothorax, 
that there were no associated injuries or conditions requiring 
antimicrobial or antituberculous therapy, and that there was no allergy 
to penicillin or cephalosporin. Patients with gunshot wounds of the 
chest and injuries from blunt trauma were excluded, as were cases 
requiring immediate thoracotomy, patients with multiple injuries and 
those <12 years of age. 

For eligible patients an intercostal drain was inserted under local 
anaesthesia in the emergency room; a specimen of drainage fluid, if 
any, was sent for culture and a blood sample submitted for white cell 
count (WCC). The volume drained was recorded and the first infusion 
of the coded trial medication commenced. Thereafter, recordings of 
temperature and volume of drainage daily were made; specimens of 
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sputum for culture and blood for WCC were taken on the third day. 
On removal of the drain the tip was also submitted for culture. All 
analyses were performed in the hospital laboratories using standard 
procedures; anaerobic cultures were not routinely performed. 

Of 258 patients with chest trauma, 145 were excluded (Table 1) 
and 113 randomized to receive either cefazolin 500 mg intravenously 
every 8h for 1 day (n = 57) or three infusions of placebo (n = 56). 
The saline infusions were identically coloured with vitamins and coded 
in the pharmacy using full double-blind methodology. There were three 
protocol violations: two patients (one in each group) were receiving 
antituberculous therapy and another (placebo group) received ` 
penicillin before randomization. These cases were analysed on an 
intention to treat basis. Comparison of the groups for number of stab 
wounds, time elapsed from injury to presentation, presence of shock 
(pulse >100/min and systolic blood pressure <90 mmHg), use of 


Table 1 Exclusions from randomization 





Reason for exclusion No. of patients 
Chest drainage not indicated 
Stab not penetrating 59 
Small pneumothorax and/or haemothorax 35 
> 24h since injury 12 
Blunt trauma 7 


Heart stab wound 6 
Gunshot wound 4 
On or requiring antibiotics 5 
Associated abdominal stab wound 4 
Died after failed cardiopulmonary resuscitation 2 
Not entered (reason unknown) 1 
Other 10 


Total 145 


Table 2 Comparison of study groups 
Antibiotic group Placebo group 





(n = 57) (n = 56) 
Time elapsed since injury (h)* 5-4(4-4) 5-3(4°5) 
Median (range) no. of stab 1 (1-7) 1 (1-19) 

wounds 

Shock 5 8 
Smokers 35 35 
Under influence of alcohol 44 38 
Initial drainage volume (ml)* 188(295) 245(435) 
Air leak for >24h 13 15 





*Values are mean(s.d.) 
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alcohol or cigarettes, and initial drainage volumes were made and the 
groups found to be similar in these respects (Table 2). 

The endpoints of the study were defined as thoracotomy, significant 
pyrexia (temperature >38°C on two or more occasions during 
admission ), positive culture of a known pathogen (from the intercostal 
drain fluid or tip, or sputum), or an abnormal WCC (>11 x 10°/1). 
Patients were managed by their own medical attendants at all times 
during the hospital stay and this was not modified by the study. 
Antibiotics were given subsequently as indicated and drains removed 
when the chest was clear and the drainage was <100 ml/day in most 
instances, but no specific policy of rapid removal or clamping was 
followed. The drain wounds were not specifically studied since the 
presence of a slight purulent discharge was commonplace, although 
obvious wound collections were documented. Follow-up was complete 
for at least 4 weeks in all except two patients, who were transferred 
uneventfully to other hospitals. Chest radiographs were obtained 
routinely before and after placement of the drain, and before removal 
to check expansion of the lung, but were not used as an endpoint of 
the study because of difficulties in interpretation. 

Statistical analysis was made using Student’s unpaired t test for 
parametric data and the Mann-Whitney U test and Fisher’s exact test 
as appropriate. Significance was assessed at P < 0-05. 


Results 


Thoracotomy was performed in eight patients, significantly 
more frequently (P = 0-03) in the placebo group (Table 3). 
Review of the indications showed that in three cases this was 
not for a septic complication: two were for evacuation of clotted 
haemothorax and one for bleeding in the first 24 h. The rate 
of thoracotomy for sepsis (placebo, five; cefazolin, none) 
remained significantly different (P < 0-05). The other indi- 
cations for thoracotomy (all from the placebo group) were 
empyema in two patients, and one each with loculated 
collection secondary to pneumonia, haemothorax growing a 
pathogen, and empyema and subphrenic collection after a 
transdiaphragmatic stab wound. There were no deaths, but one 
additional patient receiving placebo required pericardiotomy 
for sterile serous pericardial effusion and right heart failure 3 
weeks after the stab wound. Sputum cultures from patients 
receiving the placebo grew significantly more pathogens, 
34 versus 12 per cent (P = 0-03); the most common isolates 
were Streptococcus pneumoniae, Haemophilus influenzae and 
Klebsiella. 

The incidence of pyrexia, volume and duration of chest 
drainage, WCC and rate of positive cultures of initial drain 
fluid and tip were similar in both groups. Twenty-six patients 
were pyrexial by definition and in 17 a cause was clinically 
evident; pyrexia in the remaining nine resolved with 
physiotherapy. The WCC was found to be raised in 63 patients 
(56 per cent) on admission and in 26 (23 per cent) on the third 
day, but this was not shown to relate to antibiotic prophylaxis 
and in only 31 per cent of cases was an objective cause found. 


Table 3 Comparison of study endpoints 


Antibiotic group Placebo group 


+ (n= 57) (n = 56) 

Thoracotomy 1 Tt 
Thoracotomy for sepsis 0 St 
Pyrexia 10 16 
Mean(s.d.) white cell count (x 10°/1) 

Admission 11-7(3-8) 13-1(4-9) 

Day 3 9-3 (3:4) 10-5(6-3) 
Positive culture* 

Initial drainage 0 (23) 1 (19) 

Sputum 4 (34) 12 (35)t 

Drain tip 25 (46) 25 (41) 
Chest drainage 

Mean(s.d.) volume (mI/day) 127(110) 122(134) 

Mean(s.d.) duration (days) 3-5(1:7) 4-1(1:9)t 


* Values in parentheses are number of culture specimens; in many cases 
no specimen could be obtained. tP = 0-03 -(Fisher’s exact test); 
tP = 0-06 (Student’s t test) 
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Cultures from the initial drain fluid were usually sterile and the 
tips were usually contaminated (Table 3), the most common 
pathogens being Staph. epidermidis (62 per cent), Staph. aureus 
(10 per cent), Acinetobacter (8 per cent), Escherichia coli 
(6 per cent) and Strep. pyogenes (4 per cent). 

Mean hospital stay was shorter for patients receiving 
cefazolin, 3-9 (median 4 (range 2—12)) versus 5-6 (median 4 
(range 2-21)) days (P <0-01) due mainly to the patients 
undergoing thoracotomy, for whom the median stay was 13 
(range 6-21 ) days. Air leaks for > 24 h occurred in 28 patients, 
two of whom subsequently underwent thoracotomy. However, 
air leakage did not correlate with positive culture or pyrexia. 

In the 145 patients excluded from the study (Table 1), the 
mortality rate was 3 per cent (deaths from stab wounds to the 
heart and major vessels); 9 per cent required thoracotomy and 
2 per cent developed empyema. There were 94 patients for 
whom a chest drain was not indicated: in 59 the chest 
radiograph was normal (three later required a drain and one 
of these needed thoracotomy) and 35 had minimal haemo- 
pneumothorax, none of whom subsequently required drainage. 


Discussion 


Based on the thoracotomy rate, a significant difference in favour 
of using prophylactic cefazolin was noted. This difference 
persists if operations unrelated to sepsis are excluded. The low 
morbidity rate of pleural drainage for stab wounds of the chest 
may be one reason why antibiotic prophylaxis has not been so 
far perceived to be justified. However, when the problem is 
studied prospectively, the complication rate is often higher than 
expected. Features of infective morbidity range from pyrexia 
and leucocytosis through to atelectasis, pneumonia and 
empyema. However, it is major infections requiring inter- 
vention, especially thoracotomy, that are the more serious and 
costly complications. 

WCC did not predict those at risk of complication. The 
counts were raised on admission compared with day 3 but there 
was no difference between the groups. Similarly, pyrexia was 
not discriminatory and was often unassociated with demons- 
trable infection. Raised temperature was usually investigated 
by chest radiography, but difficulty in interpretation in the 
presence of surgical emphysema, dressings, lung collapse and 
pleural reactions caused radiographic signs to be abandoned 
as a measure of morbidity during the pilot study. 

The sputum of patients receiving cefazolin grew fewer 
pathogens, which might indicate that the antibiotic sterilized 
the bronchial secretions, reducing the potential for pleural 
infection. The duration of prophylaxis was limited to 24h in 
view of the unproven value of prolonged therapy, the risk of 
inducing resistance and the cost of the drug'. It was, however, 
considered that more than a single dose was indicated, although 
recent work!° suggests that this might not be so. The spectrum 
of cefazolin covers all the organisms isolated from the 
thoracotomy specimens, together with the majority from other 
bacterial cultures, but other drugs may be equally effective. The 
cost of the antibiotic infusions was £6-25 per patient, or over 
£350 for the drug arm of the trial. Assuming five additional 
thoracotomies with infection, the excess in operation costs alone 
for these patients would be approximately £7000. 

In conclusion, this study shows that antibiotic prophylaxis 
has a clear advantage in patients requiring an intercostal drain 
for chest stab wounds. Antibiotic is associated with a lower 
thoracotomy rate and consequent cost saving, which may be 
due partly to a reduction in the pathogenicity of the sputum. 
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Occlusion following vascular reconstruction may be related to 
technical failure or coagulation disorders when early, or to 
intimal hyperplasia or progressive atherosclerosis when late. A 
case is presented of rapid progression after femorodistal bypass 
with occlusion of vessels in both the operated and non-operated 
leg caused by protein C deficiency. 


Case report 


A 7\-year-old man presented with intermittent claudication with a 
march tolerance of 50m. The man had never smoked and was not 
diabetic. He had had a right total hip replacement 3 years previously, 
complicated by right deep vein thrombosis confirmed by venography. 
Some 4 months before admission he was found to have a benign 
paraproteinaemia (x chain, immunoglobulin G 17 g/l, erythrocyte 
sedimentation rate 8 mm/h) and was treated with melphalan. 

The right leg pulses were normal; in the left leg only a femoral pulse 
was palpable. Transfemoral angiography demonstrated normal 
common and external iliac arteries but an occluded right internal iliac 
artery. The mid-portion of the left superficial femoral artery was 
occluded and the tibioperoneal trunk was stenosed. 

A femoroposterior tibial reversed vein bypass was performed with 
good early results. At 2 weeks the patient presented with critical 
ischaemia in the same leg. Graft occlusion was confirmed angio- 
graphically. Graft thrombectomy was unsuccessful and above-knee 
amputation was performed. During rehabilitation the patient developed 
critical ischaemia in the other leg. Further angiography demonstrated 
that the left common iliac and right superficial femoral arteries, 
previously patent, were occluded. Echocardiography and aortic 
ultrasonography results were normal. 

Because of this rapid progression, protein S, protein C and 
antithrombin IMI levels were measured. Protein S and antithrombin IT 
concentrations were normal but the protein C level was 18 per cent 
(normal range 70-150 per cent). The patient underwent anticoagulation 
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with heparin, then warfarin. The limb rapidly became ischaemic and 
required below-knee amputation. He died 2 wéeks later from a 
myocardial infarction. - 


Discussion 

Protein C is a vitamin K-dependent glycoprotein and inhibits 
coagulation by proteolytic inactivation of factors Va and VIIa 
which allow conversion of prothrombin to thrombin. Protein 
C deficiency may be inherited as an autosomal dominant 
disease’. Such a deficiency is associated with venous 
thrombosis, both peripherally and in the portal circulation?, 
but can produce cerebral? and mesenteric* arterial occlusion 
and may account for 5 per cent of unexplained thromboses. 
Affected individuals have concentrations below 50 per cent of 
normal. 

There is an initial paradoxical increase in thrombotic 
tendency because of the fall in protein C activity that occurs 
when warfarin anticoagulation commences; this may cause 
extensive superficial thrombosis and skin necrosis. The rapid 
deterioration and fatal myocardial infarction following 
anticoagulation with warfarin in this patient may have resulted 
from paradoxical thrombosis related to anticoagulation. 

Rapid progression of arterial disease in the absence of known 
risk factors should lead to a search for specific coagulation 
disorders. Protein C deficiency, if detected, should be treated 
by cautious anticoagulation with warfarin and the -family 
screened. Early graft failure is usually presumed to result from 
technical error or poor patient selection, and a diagnosis of 
hypercoagulable state made only after exclusion of other 
factors. Coagulation disorders should be sought in patients 
presenting with thrombosis in unusual circumstances. 
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Role of reflux oesophagitis and 
acid in the development of 
columnar epithelium in the rat 
oesophagus 


The role of reflux oesophagitis and acid in the development of 
oesophageal columnar epithelium was investigated in the rat. 
Twenty-four animals underwent total gastrectomy and oesophago- 
Jejunostomy, inducing reflux of duodenal contents into the oesophagus, 
and were divided into two groups: an ‘acid’ group, which drank syrup 
water with hydrochloric acid (pH 1-8), and a ‘non-acid’ group, which 
drank only syrup water (pH 6-5). Four rats were killed at 4, 8 and 12 
weeks after surgery. Reflux oesophagitis was found in the lower portion 
of the oesophagus in all cases. Columnar epithelium was observed in 
the oesophagus of one rat in the non-acid group at week 8 and of three 
in the acid group at week 12. These results indicate that the development 
of columnar epithelium of the oesophagus is preceded by reflux 
oesophagitis and that acidic conditions may promote this change. 
Columnar epithelialization may result from metaplasia of squamous 
epithelium as well as from upward extension of columnar epithelium. 
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Since Barrett! originally described the columnar epithelium 
lining the lower oesophagus in 1950, the histogenesis of this 
condition has been disputed. Allison and Johnstone proposed 
that the columnar-lined oesophagus could be an acquired 
condition resulting from reflux oesophagitis’. In a later report, 
Barrett stated that it was the result of failure of the embryonic 
lining of the gullet to achieve normal maturity, suggesting a 
congenital condition?. 

A number of clinical studies concerned with the aetiology 
of Barrett’s oesophagus have been reported. Most have 
supported the theory of an acquired condition secondary to 
reflux oesophagitis*~'°, although some have indicated that 
Barrett’s oesophagus can be acquired in adults and may be 
congenital in children because of the bimodal age distribution Figure } Surgical procedure after total gastrectomy; oesxophage- 
with distinct paediatric and adult peaks!?. jejunostomy induces reflux of duodenal contents into the sesaphagus 

Experimental induction of columnar epithelium in the 
oesophagus was, however, initially unsuccessful. Hennessy et 
al. created a defect in the oesophagus by removing a strip of 
mucosa, but failed to produce columnar epithelium!?. Bremner 
et al.'? and Gillen and colleagues'* succeeded in producing 
columnar epithelium in the canine oesophagus by surgical 





pentobarbitone. During the 2 days after surgery, all rats received 10 mi 
5 per cent glucose subcutaneously with 50 mg piperacillin. Drinking 
water was withheld for 24 h and food for 48 h after surgery; thereafter, 
animals had free access to food and the liquids described below. After 
operation, rats were divided into two experimental groups. Animals in 


mucosal excision and creation of a hiatal hernia with high 
acidity. 

The present study was designed to evaluate the role of reflux 
oesophagitis and acid in the development of columnar 
epithelium of the oesophagus in a rat model. 


Materials and methods 


Animals 

Inbred male Wistar rats weighing approximately 250 g were used. They 
had been inbred for >60 years in the Institute of Experimental 
Gerontology, Basel, Switzerland, and the Institute of Pathology, 
University of Bonn, Germany. Rats were fed a commercial diet 
(Oriental Yeast Company, Tokyo, Japan). 


Experimental design 

Twenty-four rats underwent total gastrectomy with reconstruction by 
oesophagojejunostomy to induce reflux of duodenal contents 
containing bile and pancreatic juice directly into the oesophagus 
(Figure 1). Animals were fasted for 24h before surgery. Operative 
procedures were carried out after intraperitoneal injection of 25 mg/kg 
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group | (acid group) were given syrup water with hydrochloric acid 
(pH 18; Department of Pharmaceutical Services, Tokyo University} 
ad libitum, Group 2 (non-acid group} animals received syrup water 
without hydrochloric acid (pH 6-5} ad libitum. There was no difference 
in the sucrose concentration of the syrup waters (68 mg/ml). Each 
group was divided into three subgroups of four rats each, which were 
killed 4, 8 and 12 weeks after surgery. After death, the oesophagus was 
removed and preserved by formalin fixation, then embedded in paraffin 
and stained with haematoxylin and eosin or alcian blue~ periodic 
acid~Schiff (PAS) for histological examination. 


Results 

At the end of the experimental period, 11 rats remained alive 
in group 1 and nine in group 2. Four rats died from pneumonia 
or peritonitis during the experimental period. 


Macroscopic findings 

There were no obvious macroscopic differences among the six 
subgroups. The oesophagus in every rat had a markedly 
thickened and dilated lower portion, sometimes reaching a 
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Figure 2 
b group 2. Animals were killed 4, 8 or 12 weeks after surgery, the left 
side is distal in each specimen 





b vuam 


Figure3 a Columnar epithelium intermingled with squamous epithelium 
( Haematoxylin and eosin stain.) b Cells positive for alcian blue- periodi 
acid-Schif staining are intermingled with negatively stained squamous 
epithelium. (Scale bar 300 um) 


Table 1 Incidence of columnar epithelialization of the oesophagus 





Group 2 


Period (weeks) Group | 

4 O(n =4) 0 (n = 2) 
8 O(n =4) l (n= 4) 
12 3 (n= 3) 0 (n= 3) 


Macroscopic views of rat oesophagus from a group 1 and 








diameter more than twice that of normal. The mucosa of the 
lower oesophagus was grossly irregular with a granular 
appearance (Figure 2). No changes were found in the upper 
portion of any oesophagus. 


Histological findings 

The mucosal changes in the lower oesophagus of all rats were 
confirmed histologically to be those of reflux oesophagitis, 
which is characterized by basal cell hyperplasia and extension 


468 


3 Te Rees G i as 
iad as we ty mar SP 
b TE E E E 


Figure 4 a Island of columnar epithelium (arrow) in the area of reflux 
oesophagitis. b Magnification of an island of columnar epithelium. 
( Haematoxylin and eosin stain, scale bar in a 1 mm, in b 100 um) 


Figure 5 Magnification of the site of anastomosis in one of the rats 
that did not develop columnar epithelium of the oesophagus. 
(Haematoxylin and eosin stain, scale bar 300 um) 


of papillae with ulceration and hyperkeratinization. There was 
no difference in the severity of reflux oesophagitis between 
groups | and 2. 

Table | summarizes the incidence of columnar epithelial- 
ization of the oesophagus. This is defined as the intermingling 
of columnar and squamous epithelium (Figure 3) or islands of 
columnar epithelium surrounded by squamous epithelium 
(Figure 4). All the group 1 rats killed 12 weeks after surgery 
developed columnar epithelium of the oesophagus. One of the 
three animals had intermingling of columnar and squamous 
epithelium as well as islands of columnar epithelium; the other 
two showed only one of these characteristics. One of the group 
2 rats killed 8 weeks after surgery developed intermingling of 
columnar and squamous epithelium. Areas of intermingled 
columnar and squamous epithelium were adjacent to the site 
of anastomosis of the oesophagojejunostomy. Islands of 
columnar epithelium were distant from the site of anastomosis 
and located in the area of reflux oesophagitis. A definite border 
between squamous and intestinal epithelium was observed at 
the site of anastomosis in the other 16 rats (Figure 5). 
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Discussion ; 

Since the work of Ferguson et al.!5 many experiments aimed 
at elucidating the pathogenesis of reflux oesophagitis have been 
performed. Bile and pancreatic juice have been considered to 
be crucial factors in the pathogenesis of such oesophagitis in 
these experiments'®*°. Therefore, simple oesophagojejuno- 
stomy after total gastrectomy, which ensures the regurgitation 
of bile and pancreatic juice into the oesophagus, was chosen 
as the experimental model for reflux oesophagitis in the present 
study. 

In an earlier experiment? +, rats underwent total gastrectomy 
with Roux-en-Y reconstruction, preventing reflux of duodenal 
contents into the oesophagus, and were killed 17 weeks after 
surgery. None of the animals undergoing Roux-en-Y 
reconstruction showed reflux oesophagitis or columnar 
epithelialization of the oesophagus. 

In the present study, all rats killed 4 weeks after surgery in 
both groups developed reflux oesophagitis but not columnar 
epithelium of the oesophagus. All the group 1 rats killed 12 
weeks after surgery and one of the group 2 animals killed at 8 
weeks had columnar epithelialization in the area of reflux 
oesophagitis. This indicates that columnar epithelium in the 
oesophagus develops as an acquired lesion secondary to reflux 
oesophagitis and is promoted by acidic conditions. These results 
are consistent with clinical findings of the importance of severe 
acid exposure??? and reflux of duodenal contents**-?° in the 
pathogenesis of Barrett’s oesophagus. 

Columnar epithelium has been reported to be inherently 
more resistant to acid than squamous epithelium?”:?°. Herbst 
et al. demonstrated that cell turnover is accelerated in Barrett’s 
epithelium compared with squamous epithelium in the same 
patient?®. These authors speculated that regeneration of 
columnar epithelium occurs more easily than that of squamous 
epithelium when both squamous and columnar cells are faced 
with erosion or ulceration, especially under conditions of high 
acidity. 

Other studies, both clinical and experimental, have drawn 
attention to the origin of acquired oesophageal columnar 

_ epithelialization. The theory of upward extension of gastric 
mucosa replacing squamous epithelium was suggested by Endo 
et al.°° and Hamilton and Yardley®. Berenson et al.*! and Naef 
and colleagues® proposed metaplasia of squamous epithelium. 

Bremner et al.'> and Wong and Finckh>? supported the 
upward replacement theory, but Gillen et al.!* pointed out that 
this mechanism could not explain the well known variety of 
epithelial patterns seen in Barrett’s oesophagus®?. By using 
squamous barriers to proximal migration of columnar 
epithelium in the stomach, they found that the cell of origin of 
the epithelium was located in oesophageal glands'*. No 
evidence of metaplasia of squamous epithelium has, however, 
been demonstrated experimentally. 

In the present study, columnar epithelium intermingled with 
squamous epithelium contained abundant goblet cells stained 
positively by alcian blue- PAS, and closely resembled intestinal 
epithelium. It appeared that the columnar epithelium had arisen 
from intestinal epithelium that infiltrated upwards to the distal 
oesophagus across the anastomosis. This finding supports the 
theory of upward extension. The islands of columnar epithelium 
surrounded by squamous epithelium were found distant from 
the site of anastomosis. What appeared to be glandular tissues 
were observed in the oesophageal epithelium. Rats, however, 
have no oesophageal glands**3°. Thus, it is possible that 
metaplastic change occurred in squamous epithelium during 
the course of regeneration in the animal model used. 
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Incidence and management of 
benign anastomotic stricture 
after cervical 
oesophagogastrostomy 


Benign anastomotic stricture after transhiatal oesophagectomy and 
gastric tube reconstruction constitutes a major problem. From August 
1988 to April 1991, 81 patients were followed after cervical oesophago- 
gastrostomy. Twenty-four patients (30 per cent) developed a benign 
anastomotic stricture 3—23 (median 8) weeks after operation. Poor 
vascularization of the gastric tube, determined during operation, and 
postoperative anastomotic leakage were statistically significant risk 
factors for stricture formation. Symptoms related to stricture were often 
typical and were confirmed by endoscopy and/or radiography. 
Radiography did not yield information additional to that obtained from 
endoscopy. Strictures were treated in the outpatient clinic by dilatation 
with Savary dilators. Repeated dilatation completely alleviated 
dysphagia in 20 of the 24 patients (83 per cent). In ten patients 
dilatations could be discontinued after a median of 8 (range 1-17) 
sessions. Dilatation was continued until the end of follow-up in nine 
patients or until death from recurrent disease in five. No complications 


The Netherlands 


The development of benign anastomotic stricture after 
oesophageal and partial gastric resection constitutes a major 
problem. This complication has been reported to occur in 
12—40 per cent of cases after cervical oesophagogastrostomy 
when using gastric pull-up or a gastric tube for reconstruction 
of the oesophagus'~®. Despite the occurrence of this 
complication, cervical anastomosis is favoured by many 
surgeons over intrathoracic anastomosis because of its low 
mortality rate following leakage™’. 

When stricture is diagnosed, non-surgical treatment by 
endoscopic dilatation is thought to be the therapy of choice®*!°, 
even though data supporting dilatation of cervical anastomotic 
stricture are scarce. In most cases, dilatation is repeated 
frequently to relieve dysphagia. 

This report describes benign anastomotic stricture in a series 
of patients who underwent total oesophagectomy and gastric 
tube reconstruction for cancer of the oesophagus and/or gastric 
cardia with regard to incidence, possible risk factors, diagnostic 
procedures and management. ` 


Patients and methods 


From August 1988 to April 1991, 85 patients underwent transhiatal 
oesophagectomy and partial gastrectomy for cancer of the oesophagus 
or oesophagocardiac region. 

In all patients reconstruction was carried out using a 3-cm wide 
gastric tube fashioned along the greater curvature. The gastric tube 
was pulled gently through the thorax to the neck. Cervical anastomosis 
of the proximal oesophagus to the tube was performed manually, end 
to side, with a one-layer running suture of 3/0 Polydioxanone (Ethicon, 
Norderstedt, Germany). The gastric tube was of sufficient length in all 
patients to permit anastomosis without tension. In most patients the 
redundant length of gastric tube was resected. 

All patients underwent radiographic examination (barium swallow) 
of the anastomosis between the seventh and tenth day after operation 
to establish patency and detect anastomotic leakage. 

Patients were routinely seen in the outpatient clinic at 6 weeks and 
3 months, at 3-month intervals for 1 year and at 6-month intervals 
thereafter. Follow-up was at least 26 weeks. 

Patients were specifically questioned for problems related to 
swallowing. Severe dysphagia was defined as the inability to swallow 
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of dilatation were seen. 


solids and semisolids, and moderate dysphagia as the inability to take 
solids only. 

The following were considered to be possible risk factors for 
anastomotic stricture and were analysed statistically: sex, age, length 
of operation, location of tumour (upper or middle versus distal third 
or cardia), histological type (adenocarcinoma versus squamous cell 
carcinoma ), tumour node metastasis (TNM ) stage (0~II versus III and 
IV)!1, postoperative gastric reflux (determined by the presence of 
typical symptoms and/or need for medical therapy), peroperative 
judgement by the surgeon of gastric tube vascularization (good versus 
poor), resection of redundant gastric tube after anastomosis, and 
postoperative anastomotic leakage. Anastomotic leakage was defined 
as that seen on radiography, or as a salivary fistula. 

Three of the 85 patients suffered major dehiscence of the oesophago- 
gastric anastomosis necessitating takedown of the anastomosis. The 
conduit was reconstructed by colonic interposition; these three patients 
were excluded from analysis. One patient died in the postoperative 
period, leaving 81 patients, 57 men and 24 women, of median age 65 
(range 33-81) years at risk for benign cervical anastomotic stricture. 

Patients with problems swallowing solids were evaluated endo- 
scopically and radiographically in the outpatient clinic. If indicated, 
anastomotic strictures were biopsied to rule out tumour recurrence. 

Strictures were treated conservatively with dilatation as described 
by Savary et al.°. Mild sedation with midazolam was used in some 
cases. Dilatation was repeated as indicated or until death from recurrent 
malignancy. 

Cumulative freedom from anastomotic stricture was estimated on 
a Kaplan—Meier!? plot. Different levels of possible risk factors were 
compared for the occurrence of anastomotic stricture using the 
univariate Jog rank test. Cox? multivariate proportional hazards 
regression analysis was then used to determine independent risk factors 
for the presence or absence of stricture. 


Results 


The characteristics of the 81 patients are shown in Table 1. 
Anastomotic stricture developed in 24 (30 per cent) between 
weeks 3 and 23 (median 8) after operation. The estimated 
cumulative stricture-free rate(s.e.) was 69(5-2) per cent after a 
follow-up of 26 weeks (Figure 1). 

Table 1 also shows the relationship between possible risk 
factors and the development of a clinically apparent stricture. 
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Table 1 Univariate analysis for 81 patients at risk for anastomotic 
stricture 








Stricture 
Yes No 

Risk factor (n=24)  (n=57) P* 
Sex 

M 14 (25) 43 (75) | se 

F 10 (42) 14 (58) : 
Mean age (years) 

<63 10 (29) 25 (71) 4 is 

263 14 (30) 32 (70) ' 
Length of operation (h) ` 

<4 19 (37) z E i ns 

z4 5 (17) i 
Location of tumour 

Upper or middle 5 (22) A is 

Distal or cardia 19 (33) > ve : 
Histology 

Squamous cell carcinoma 12 (34) 23 (66) } ne 

Adenocarcinoma 12 (26) 34 (74) ' 
TNM classification 

0-1 8 (35) 15 (65) ae 

MI or IV 16 (28) 42 (72) ° 
Gastric reflux 

Yes 1 (14) 6 (86) 3 ia 

No 23 (31) 51 (69) g 
Vascularization of gastric tube 

Good 15 (22) 52 (78) 

Poor . 9 (64) 5 (36) ae 
Resection of redundant gastric tube 

Yes 18 (29) 45 (71) is 

No 6 (33) 12 (67) : 
Postoperative leakage - 

Yes 8 (67) 4 (33) 

No 16 (23) 53 (77) 0:004 


Values in parentheses are percentages. TNM, tumour node metastasis; 
n.s., not significant. *Log rank test 
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Figure1 Estimated cumulative percentage of patients free from stricture 


Only poor vascularization of the gastric tube and anastomotic 
leakage were associated with an increased risk for the 
development of stricture. The rate of anastomotic stricture in 
the presence of poor or good vascularization of the gastric tube 
is shown in Figure 2. Figure 3 shows the estimated stricture 
rate in the presence or absence of anastomotic leakage. Cox 
proportional hazards analysis confirmed the significance of 
these risk factors (vascularization, P = 0-008; anastomotic 
leakage, P = 0-025). 

The predicted anastomotic stricture rate in four different 
subgroups with regard to the significant risk factors from 1 to 
26 weeks after operation is shown in Figure 4. 

The diagnosis of anastomotic stricture was based on 
symptoms, endoscopy and radiography. Results of the 
diagnostic procedures are shown in Table 2. All patients with 
severe dysphagia developed anastomotic stricture confirmed on 
endoscopy or. radiography. Only five of the 23 patients 

. compiaming ¢ of moderate dysphagia appeared to have stricture 
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Figure2 Estimated cumulative percentage of patients free from stricture 
according to peroperative judgement of vascularization of the gastric 
tube. —, Good vascularization (n = 67); ——, poor vascularization 
(n = 14) 
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Figure3 Estimated cumulative percentage of patients free from stricture 
according to the presence of anastomotic leakage. —-, No leakage 
(n = 69); ——, leakage (n = 12) 
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Figure4 Predicted cumulative percentage of patients free from stricture 
according to peroperative judgement of vascularization of the gastric tube 
and the presence of anastomotic leakage. —, No leakage and good 
vascularization; ——, leakage and good vascularization, ....., no leakage 
and poor vascularization; —.—, leakage and poor vascularization 
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Figure 5 Dilatation of benign anastomotic stricture showing period and frequency of treatment, State at end of study: @, died; o, alive; A, under 


treatment, Each vertical bar represents one session of dilatation 


Table 2. Diagnostic procedures in patients with dysphagia after cervical 
oesophagogastrostomy 





Stricture on Stricture on 
Dysphagia radiography endoscopy 
Moderate (n = 23) 3 of 23 (13) 5 of 23 (22) 


Severe {n = 19) 17 of 17 (100) 19 of 19 (100) 


Values in parentheses are percentages 


on endoscopy; three of these strictures were also seen on 
radiography. Symptoms were not progressive in 18 patients 
with moderate dysphagia and could be managed by chewing 
solids thoroughly. 

Endoscopic dilatation was performed in the 24 patients and 
was successful after a median of 9-5 (range 1—55) sessions in 
20. Four patients continued to have moderate dysphagia after 
a median of 12 (range 2-47) sessions. Dilatation could be 
discontinued in ten patients after a median of 8 (range 1-17) 
sessions over a period of 1-45 weeks. In 14 patients, dilatation 
of the stricture with a frequency of one to four times per month 
was continued until death from recurrent disease (five patients) 
or until the end of the study period (nine) (Figure 5). No 
complications of dilatation were seen. 


Discussion 


The primary symptom in-patients with an oesophageal tumour 
is dysphagia. If dysphagia returns after a major reconstructive 
procedure, a purely physical complication can turn into a 
psychological problem as well. 

In this series the incidence of benign anastomotic stricture 
after cervical oesophagogastrostomy was 30 per cent. Others 
have reported an incidence of 12—40 per cent for a similar 
procedure’~*. Anastomotic stricture occurred 3—23 (median 8) 
weeks after operation. Sex, age, length of operation, location 
of tumour, histological type, tumour stage, gastric reflux and 
resection of the redundant proximal end of the gastric tube did 
not predict the development of stricture, but poor vascularization 
of the gastric tube and anastomotic leakage did. 

Poor vascularization of the upper part of the gastric tube 
was noted by the surgeon in 14 patients, nine of whom 
developed stricture after operation. Four of these 14 patients 
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had anastomotic leakage. In constructing the gastric tube from 
the greater curvature, three of the four major gastric arteries 
are sacrificed to obtain. sufficient length to reach the neck and 
only the right gastroepiploic artery remains intact. However, 
at the proximal part of the gastric tube the gastroepiploic arcade 
is absent and vascularization depends solely on intramural 
blood vessels'4—1°. 

An advantage of the small diameter of the tube in 
comparison with total gastric pull-up, in which the right gastric 
artery may be preserved, is the low frequency of refiux'’. 

Oesophageal vascularization has not been evaluated in this 
series and could be a risk factor for impaired anastomotic 
healing. This is not very likely, however, since intramural 
oesophageal vascularization is generally good’. 

Anastomotic leakage, occurring in 12 of the 81 patients 
(15 per cent), is another risk factor for the development of 
stricture. Leakage was clinically evident in ten patients. Eight 
of the 12 patients with leakage developed anastomotic stricture. 
The predicted cumulative rate of freedom from anastomotic 
stricture in patients with poor vascularization and anastomotic 
leakage was 14 per cent after 26 weeks (Figure 4). If both risk 
factors were absent, 80 per cent of the patients were predicted 
to be free from stricture after 26 weeks. This suggests additional 
factors that might explain the development of cervical 
anastomotic stricture. 

The influence of the anastomotic technique (manual or 
stapled) on stricture formation and leakage is unclear!®-?*, A 
manual one-layer anastomosis with continuous 3/0 Poly- 
dioxanone has been used in different kinds of intestinal 
anastomosis and has proven reliable. 

None of the five patients with an intrathoracic oesophago- 
gastrostomy operated on in the same period as the present 
patients developed anastomotic stricture. The low incidence of 
stricture in intrathoracic -anastomosis is confirmed by the 
experience of one of the present authors (H.O.) in another 
series of patients with oesophageal cancer; stricture did not 
occur after intrathoracic anastomosis using similar surgical 
techniques??. Other authors have reported similar results*:?° 
and it is possible that the pleural mesothelium may improve 
healing of the anastomosis. The oesophagus is not covered by 
a serosal layer and the cervical anastomosis is not surrounded 
by mesothelial cells. Despite a higher incidence of impaired 
anastomotic healing, cervical oesophagogastrostomy is favoured 
by most surgeons because of the low mortality. rate 
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accompanying anastomotic leakage®-*. Cervical leakage usually 
leads to a temporary salivary fistula that heals without invasive 
therapy, whereas mediastinal leakage has more serious 
consequences***:5, 

Barium swallow and endoscopy were performed in patients 
with symptoms of dysphagia (Table 2). If a patient complained 
of severe dysphagia and could swallow only fluids, an 
anastomotic stricture was always detected by endoscopy and 
radiography. In 23 patients with moderate dysphagia able to 
pass semisolids and fluids, a stricture was present (and 
dilatation necessary) in five. Radiography did not yield 
information additional to that from endoscopy in patients with 
problems swallowing and, in all cases where the patient has to 
undergo endoscopy for dilatation, radiography is superfluous. 

Once a stricture has been diagnosed as non-malignant 
several treatment options are available?+-°°. Because of its 
simplicity and safety, endoscopic dilatation as described by 
Savary et al.°?* was chosen for the present series. The 
procedure was performed on an outpatient basis and lasted 
approximately 15 min. Dilatation was generally well tolerated 
and mild sedation necessary only occasionally. In most patients 
the procedure had to be repeated frequently (Figure 5), but 
complete relief of dysphagia was obtained in 20 of the 24 
patients and in ten treatment could be permanently 
discontinued after a median of 8 (range 1—17) sessions. Success 
rates varying from 61 to 88 per cent have been reported using 
different techniques of dilatation, although none of these reports 
addressed cervical anastomotic stricture specifically!®?5-?’, No 
complications occurred in a total of 351 sessions of Savary 
dilatation. Even though dilatation could not be discontinued 
in 14 of the 24 patients, it appears to be an effective alternative 
to surgical intervention because of the small amount of time 
involved, and its safety and ease of application. 
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Norwegian multicentre study of 
survival and prognostic factors in 
patients undergoing curative 
resection for gastric carcinoma 


The influence of clinical and tumour-related variables on long-term 
survival in patients with gastric carcinoma was studied in a national 
prospective multicentre study. A total of 532 patients underwent curative 
surgery with a 5-year survival rate of 40 per cent. In a Cox multivariate 
analysis, age, stage of disease and macroscopic appearance of tumour 
were the only factors that independently affected survival. The estimated 
probability of survival to 5 years for a 50-year-old patient with a flattened 
tumour type and stage I disease was 71 per cent, but 50 per cent for 
an 80-year-old with the same tumour type and stage. For stage II disease 
the rates were 56 and 32 per cent, for stage III 39 and 13 per cent and 
for stage IV 19 and 3 per cent, respectively. A 70-year-old patient with 
stage II linitis plastica tumour type had an estimated probability of 
5-year survival of 20 per cent. Stage of disease was the single most 
important factor in determining survival. Laurén histopathological type 
and location of tumour, Karnofsky performance index, weight loss and 


Norway ` 


The prognosis for patients with gastric cancer in the western 
world remains dismal. This contrasts with results from Japan, 
where a steady overall improvement and increased 5-year 
survival rate for all stages of the disease has occurred’ *. Some 
authors have tried to identify subgroups of patients with 
survival characteristics similar to those in Japan*®. Others 
question whether gastric cancer in Japan and the western world 
represent different biological forms. 

Most authors agree that stage of disease is the critical factor 
in predicting survival. Japanese surgeons have standardized 
and implemented meticulous and extensive operative procedures; 
the benefit in terms of better long-term survival remains 
unproven’. Direct comparison of results is difficult for several 
reasons: lack of a uniform definition of curative surgery; 
differences in staging systems; selection bias caused by the 
nature of studies (retrospective versus prospective); and 
inappropriate application of analytical methods®, 

The present study was performed to evaluate the influence 
of factors related to the patient, tumour and operative 
procedure on the prognosis of patients with gastric cancer 
entered into a large prospective national multicentre study. The 
follow-up was at least 5 years. 


Patients and methods 


The Norwegian Stomach Cancer Trial is a prospective multicentre 
study with 51 surgical units participating. The design of the study was 
observational, each hospital recording clinical and histopathological 
data that were submitted for central computation and analysis. Patients 
were recruited from September 1982 to December 1984. In that period 
1165 patients had been included, representing 54 per cent of all those 
with gastric cancer registered by the cancer registry of Norway. Detailed 
short-term results have been reported previously??"!?. 

Resection was classified by the attending surgeon as: (1) potentially 
curative, i.e. no macroscopic residual lesion, and tumour-free resection 
margins; (2) palliative, i.e. residual tumour or distant metastases; or 
(3) technically impossible, or patient inoperable for other reasons. Of 
the 1165 patients entered into the trial, 532 with adenocarcinoma 
underwent potentially curative resection and form the basis of the 
present study. 

Disease was staged according to the tumour node metastasis 
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type of resection had no significant effect on long-term survival. 


(TNM) system’* and histological subtyping was as described by 
Laurén!*. Lymph node involvement was categorized as n1 (perigastric 
nodes along the lesser and greater curvature) or n2 (paragastric nodes 
along the coeliac axis and its trifurcation). Involvement of other 
intra-abdominal lymph nodes (n3) is now regarded as distant 
metastasis’®. 

Survival data for all patients were obtained from the cancer registry 
of Norway. Follow-up was ended in December 1989 after at least 5 
years. Univariate survival analyses were performed by the Kaplan~ 
Meier method!’. The log rank (Mantel—Cox) test was used for 
statistical comparison of survival probabilities. Univariate analyses 
were performed for age, sex, hospital level (university, county or local), 
weight loss, Karnofsky index, delays in treatment caused by patient or 
doctor, gastric remnant cancer, type of resection, splenectomy, tumour 
site, TNM classification, Laurén histological type, gross macroscopic 
tumour appearance (polypoid, flattened, linitis plastica) and size, and 
ABO and rhesus blood groups. All factors were included in a Cox 
proportional hazards model'*. To check the proportionality , 
assumption and best fit, a log-minus-log survival function was requested 
for each stratum (variable). By a backwards stepping procedure, the 
least significant variable or first-order interaction was eliminated at 
each step. The variables remaining in the final model were included in 
a forward stepping procedure. Both approaches gave identical results 
and the final Cox model was based on 513 evaluable patients. The 
regression coefficients were assessed for significance using the likelihood 
ratio test. Computations were performed using the Bio Medical Data 
Program (BMDP Statistical Software, Los Angeles, California, USA) 
package’®. 


Results 


Patients undergoing curative resection 

The median age of the patients, comprising 319 men and 213 
women, was 70 years; 40 per cent survived for 5 years (Figure 1). 
The survival rates for subgroups of patients and for all those 
included in the trial are given for comparison. The 5-year 
survival rate for all patients with adenocarcinoma (n = 1104) 
was 19 per cent. Of those undergoing palliative resection, 
6 per cent survived for 5 years. No patient with irresectable 
disease survived >20 months. 
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Figure 1 Univariate analysis of survival related to extent of operation 
Jor gastric carcinoma. —, All patients; —, curative resection; —-—, 
palliative resection; =, no operation or palliative procedure 
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Figure 2 Univariate analysis of survival related to stage of gastric 
carcinoma. —, Stage I; ++, stage II; —.—, stage IIT; —, stage IV 


Univariate analysis 

A total of 61 per cent of patients with stage I cancer (n = 201) 
survived 5 years (Figure 2). This was reduced to 40 per cent 
for stage II disease (n = 130), 20 per cent for stage III (n = 179) 
and 9 per cent for stage IV (n = 22). 

The 5-year survival rate according to clinicopathological 
variables is shown in Table 1. No significant differences in 
5-year survival rates were found with regard to delay in 
treatment introduced by patient or doctor, Laurén histological 
type, ABO or rhesus blood groups, gastric remnant cancer or 
whether or not splenectomy was performed (data not given). 


Multivariate analysis 

Of ten clinicopathological variables that influenced survival on 
univariate analysis (Table 1), only age, stage of disease and 
macroscopic appearance of tumour independently affected 
survival (Table 2). The most important variable was stage 
of disease; survival declined for every stage increment 
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(P < 0:0001). To illustrate the independent effect of age and 
stage of disease, a probability of 5-year survival for every 
tumour stage given a flattened tumour type and for different 
age categories was estimated. A 50-year-old patient with a 
flattened tumour type had an estimated probability of 5-year 
survival of 71 per cent with stage I disease (Figure 3), 56 per cent 
with stage II, 39 per cent with stage [J and 19 per cent with 
stage IV (Figure 4). 

Patients with the flattened type tumour had better survival 
than those with the polypoid and linitis plastica types 
(P = 0-002, Figure 5). ; 

Increasing age led to poorer 5-year survival rates 
(P = 0-0005). An 80-year-old patient with stage I disease and 
a flattened tumour type had a probability of 5-year survival of 
50 per cent, compared with 71 per cent at age 50 years. The 
difference in 5-year survival probability between these two age 
groups was 24 per cent for stage II tumours (56 versus 


Table 1 Univariate analysis of 5-year survival according to clinical and 
pathological variables 





No. of Survival 
patients rate (%) ee 
Sex 
M 319 38 } 0-03 
F 213 43 
Age (years) . 
<49 30 53 
50-59 76 51 
60-69 153 46 0-0005 
70-79 195 34 
280 78 28 
Stage of diseaset 
201 61 
Il 130 40 
1 179 20 < 09001 
IV 22 9 
Weight loss (kg) 
0 220 45 
1-5 102 44 
6-10 99 27 0-006 
>10 35 23 
Karnofsky index 
<70 64 23 
71-80 94 24 
81-90 180 47 SO eoo 
91-100 139 49 
Operative procedure 
Proximal resection 14 21 
Distal resection 155 45 0-04 
Subtotal gastrectomy 108 43 
Total gastrectomy 255 37 
Hospital level 
County 116 46 
University 233 42 0-007 
Local 183 34 
Tumour location 
Fundus 88 36 
Fundus and corpus 39 23 
Corpus 68 54 
Corpus and antrum 57 40 00001 
Antrum 238 45 
All regions 33 15 
Macroscopic type 
Flattened 356 45 
Polypoid 93 30 0-0005 
Linitis plastica 17 0 
Length of tumour (mm) 
<20 100 53 
21-40 144 42 
41-60 132 35 
61-80 66 30 ope 
81-100 25 44 
> 100 19 21 





* Log rank test. {Tumour node metastasis classification 
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Table 2 Cox proportional hazards model of factors affecting survival 





Coefficient/ Hazard 








Coefficient(s.e.) P* s.e. ratio 

Age beet: À 

x (any age 

x+10 0-203(0-058) 00005 3-502 1-271 
Stage of disease 

x {any stage) 

x+I 0:598(0-065 ) <0-0001 9-260 1-818 
‘Macroscopic type 

Flattened 

Polypoid 0-437(0-142) 0-002 3-074 1-548 

Linitis plastica 0-515(0-219) ; 2:348 1-676 
Hospital levelt 

County 

University 0-246(0-151) } 0-05 1-627 1:279 

Local 0-368(0-153) 2:397 1444 


*Likelihood ratio test. {Tumour node metastasis classification. 
} Hospital level was not included in the final model 
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Figure 3 Survival rate estimated for patients of different age groups 
with stage I gastric carcinoma and tumour of flattened macroscopic type. 
—, 50 years; ——, 60 years; ---, 70 years; —-—, 80 years 
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Figure 4 Survival rate estimated for patients of different age groups 
with stage IV gastric carcinoma and tumour of flattened macroscopic 
type. —, 50 years; ——, 60 years; =, 70 years; —-—, 80 years 
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Figure5S Survival rate estimated for patients with different macroscopic 
tumour types aged 70 years and with stage II gastric carcinoma. —, 
Flattened; -——, polypoid; -----, linitis plastica 


32 per cent), 26 per cent for stage IIT (39 versus 13 per cent) 
and 16 per cent for stage IV (19 versus 3 per cent). 

Hospital level was found to be of borderline significance as 
an independent prognostic factor (P = 0-05). Patients operated 
on in county hospitals had a better 5-year survival rate than 
those undergoing surgery in local or university hospitals. A 
patient aged 65 years with stage III disease and a flattened 
macroscopic tumour type had a 30 per cent probability of 
survival to 5 years if treated in a county hospital, 26 per cent 
if treated in a university hospital and 20 per cent if treated in 
a local hospital. 


Discussion 

The problem of postoperative complication and death has been 
discussed previously®. The present analysis failed to demons- 
trate that the extent of gastric resection was a significant 
predictor of long-term survival. These results corroborate 
findings by Msika and co-workers*. Shiu et al.?°, however, 
pointed to a survival advantage for less extensive operations. 
They studied 246 patients retrospectively in whom lesions of 
the cardia and gastro-oesophageal junction were excluded. 
Even if the present analysis was restricted to patients with 
tumours of the antrum, there was still no statistically significant 


“difference in 5-year survival rate between distal resection and 


total gastrectomy (data not shown). 

In the present univariate analyses distal resection was 
associated with the best 5-year survival rate (Table 1); this does 
not take into account differences in patient and tumour 
characteristics between the various treatment groups. It is felt, 
with others*:>-*, that multivariate studies using the Cox model 
should be the standard for survival analysis. According to this 
approach there was no statistically significant aerenc in 
survival between the various gastric resections. 

An important consideration during surgery for gastric 
carcinoma is whether splenectomy is necessary to ensure a 
curative operation. The incidence of metastases to splenic hilar 
nodes correlates with tumour site?° and splenectomy has been 
advocated on a routine basis except for antral tumours. The 
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present study revealed that removal of the spleen carried no 
survival advantage. This is in accordance with results from 
others?°-?!, Contradictory data have, however, been published??. 

The essence of the present study is that stage of disease is 
the most important factor predicting survival, as shown by 
others'*:>8, The 5-year survival figures are comparable to 
those in recent western reports*:?°; 61 per cent of patients with 
stage I disease survived 5 years. This is still below that found 
in Japanese series?*-?* and may result from the meticulous 
lymph node dissection carried out by Japanese surgeons, which 
secures a more accurate staging?*. Since the 5-year survival 
rates for stage III and IV disease are comparable to Japanese 
results the main effect of radical lymphadenectomy is a more 
accurate staging. The effect of the extended operation itself may 
be of limited importance for long-term survival, but may reduce 
the number of patients developing local recurrence?®?’. Two 
ongoing randomized clinical trials (the Medical Research 
Council Surgical Gastric Cancer Trial in the UK and a Dutch 
trial) that address the problem of regional lymphadenectomy 
(R3 resection) may provide definite answers. 

Okada et al! and Maruyama? have shown in two 
retrospective series that the macroscopic tumour appearance 
was an independent prognostic factor. This is confirmed in the 
present study and inditates a need for a supplement to the 
TNM classification system. 

Laurén histopathological type! was not an independent 
prognostic factor for survival. This is in accordance with results 
from Rohde et al.?® in a prospective multicentre study from 
Germany. 

The present study did not reveal any difference in 5-year 
survival rates between proximally or distally located tumours. 
A retrospective report from Maruyama’ contradicts this, while 
others!'> agree. 

This study has shown that surgery-related variables did not 
affect long-term survival in patients with gastric carcinoma. 
The survival data raise the question of whether there is any 
long-term survival advantage from extended surgery, as claimed 
by Japanese surgeons. The poor prognosis of patients with 
gastric carcinoma in Norway is related to advanced stages of 
disease, high age and unfavourable macroscopic type. 
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Vagal system involvement in 
changes in small bowel motility 
during restraint stress: an 
experimental study in the dog 


Changes in small intestinal motility were studied during restraint stress 
in'fasting animals and after food; the involvement of the vagal system 
in the pathophysiology of these changes was assessed. Small intestinal 
motility was recorded in 40 dogs using electromyography with monopolar 
electrodes and manometry with submucosal microballoons. Twenty 
animals underwent bilateral truncal vagotomy. Stress increased 
intestinal motility (percentage of slow waves followed by action 
potentials in I min), both in fasting conditions (P < 0-001) and post- 
prandially (P < 0-001). It also completely abolished the migrating 
motor complex—interdigestive myoelectric complex periodicity character- 
istic of the normal fasting pattern. In dogs subjected to vagotomy, 
restraint stress increased motility during fasting (P < 0-001) but 
decreased it after feeding (P < 0-01). Restraint stress thus increases 
small intestinal motility, both during fasting and after food. The vagal 
system is partially involved in this hypermotility response. 


A problem encountered frequently in general medicine and 
gastroenterology is the patient with functional digestive 
disease’*. Many patients report emotional conflicts that 
coincide with the onset of symptoms, or their domestic, social 
or working life is characterized by constant stress*-!°. On the 
other hand, various clinical and experimental studies have 
related stress to functional digestive syndromes and alterations 
in gastrointestinal motility!‘~!*. Involvement of the colon is 
now well established in irritable bowel syndrome*:!*-?', and 
the stomach appears to play an important role in the high 
functional dyspepsia syndrome**. However, involvement of the 
small intestine in the pathophysiology of these syndromes has 
been studied to a lesser extent, possibly owing to the limitations 
of exploring the motility of this segment of bowel??. 

The aims of the present study were: (1) to describe 
alterations in small intestinal motility in response to restraint 
stress during fasting and after feeding; and (2) to analyse the 
involvement of the vagal nervous system in these alterations. 
To record intestinal motility, electromyography with monopolar 
electrodes and manometry with submucosal microballoons 
were used?*?5, 


Materials and methods 


Materials 

Animals. Forty adult mongrel dogs weighing between 5 and 12 kg 
were divided into groups to study: (1) the effect of restraint stress 
on intestinal motility, during fasting (group 1; n= 10) and after 
food (group 2; n= 10); and (2) the effect of restraint stress on 
intestinal motility in dogs that had undergone vagotomy, during fasting 
(group 3; n = 10) and after food (group 4; n = 10). 

To eliminate the possibility of the dogs becoming accustomed to 
stress, 40 animals were used for 40 experiments, so that each dog was 
exposed to stress only once. 


intestinal electromyography and manometry. The recording 
apparatus consisted of monopolar electrodes with a silver chloride 
needle for recording electrical activity and latex microballoons for 
recording pressure activity. An eight-channel polygraph (model 7758 D 
System; Hewlett-Packard, Madrid, Spain) equipped with three 
bioelectrical amplifiers and three pressure amplifiers was used. 
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Surgery and anaesthesia. The necessary surgical equipment for 
performing a small laparotomy was used. Anaesthesia was achieved 
with sodium pentobarbitone, 75 mg per kg body-weight. Respiratory 
function was maintained during anaesthesia with a Manley-type 
paediatric ventilator. 


Methods 

Surgical technique. Under strict asepsis a small midline laparotomy 
was performed. The recording apparatus was placed at three sites in 
the small intestine: the second part of duodenum, ligament of Treitz 
and proximal jejunum, spaced 30 cm apart. The electrodes were sutured 
to the intestinal serosa with 4/0 silk. At the same sites microballoons 
were placed in a submucosal tunnel? (Figure 1). During the same 
laparotomy, bilateral truncal vagotomy was carried out on the 20 


Intestinal lumen 
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Serosa EERE Internal muscle 


MIcroballoon 


Serosa 
Monopolar electrode External muscle intestinal lumen 
Internal muscle 





Figurel Position of the electrode and microballoon in the intestinal wall 
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animals in groups 3 and 4. Vagotomy was confirmed in all cases by 
histological examination. 


Experimental design. At 10 days after operation and after fasting 
for 24 h, the animal was connected to the polygraph and two control 
interdigestive myoelectric complexes (IMCs) were recorded. A 
standardized stress stimulus was applied at the selected time for a period 
that depended on the experimental group. In groups | and 3, the 
stimulus was applied during phase I of the IMC and 10 min after 
recording the end of phase II respectively. It was maintained for 4h 
in group 1 and for 2h in group 3. In groups 2 and 4, the stimulus was 
applied after feeding, for 2 h. 

The standardized restraint stress stimulus consisted of complete 
immobilization of the neck, body and legs of the dog in plaster. Once 
the animal had been disconnected from the polygraph, it was held 
steady and wrapped with cotton bandages and strips of fresh plaster. 
No precast plastic shells were used to maximize immobilization, nor 
was any sedative or anaesthesia acting on the central nervous system 
administered, so as not to interfere with any possible stress action. 

The protocol was approved by the anima! research committee in 
accordance with current legislation governing the use of animals in 
experiments. 


Intestinal motility recordings. The recordings were studied in two 
ways: (1) by observing changes caused by restraint stress on fasting 
and postprandial patterns. In fasting animals, persistence of the 
characteristic phase III of the IMC?5 was noted; (2) by quantifying 
intestinal motility as the percentage of slow waves followed by action 


Table 1 Effect of restraint stress on intestinal motility under basal 
conditions (control group) and in dogs undergoing vagotomy, both fasting 
and after food 


Action potential: slow wave ratio (%) 








Before stress During stress 
Fasting 
Control (group 1; n = 10) 
Duodenum 3-10(1-95) 84-43(11-00)* 
Ligament of Treitz 3-06(1:36) 86:20(11-67)* 
Jejunum 3-00(1-18) 84-44(12-89 )* 
Vagotomy (group 3; n = 10) 
Duodenum 3-20(0-67) 13-52(846)* 
Ligament of Treitz 3-29(0-90) 21-77(9-26)* 
Jejunum 3-32(0-80) 24-67(7-10)* 
After food 
Control (group 2; n = 10) 
Duodenum 47-56(9-34) 83-86(8-27)* 
Ligament of Treitz 46:72(9-13) 81-26(10-34)* 
Jejunum 51-62(15-10) 81-18(7-83)* 
Vagotomy (group 4; n = 10) 
Duodenum 45-18(10-95) 36-05(7-13 }t 
Ligament of Treitz 47-96(7-72) 36-36(6°28 tf 
Jejunum 49-26(3-76) 34-25(8-40)f 


Values are mean(s.d.). *P < 0-001; tP <0-01 (before stress versus 
during stress, analysis of variance) 
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Figure 2 Effect of restraint stress on intestinal motility expressed as the action potential: slow wave ratio (AP: SW). a Under basal conditions during 
fasting there is a significant increase in motility and complete abolition of the fasting motor pattern. b Under basal conditions after food there is a 
significant increase in the motility rate during stress. c In dogs undergoing vagotomy, during fasting there is an increase in motility. This increase is 
significantly lower than that observed in control dogs during stress. In seven of the ten recordings complete abolition of the fasting motor pattern was ` 
observed. d In dogs undergoing vagotomy, after food hypomotility is produced during stress, i.e. an effect opposite to that observed in control dogs 
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Figure 3 Electromyographic and manometric recordings during fasting in stressed animals. Electrical (Hc and pressure (P) activity are recorded 
simultaneously at the three different small intestinal sites: a duodenum; b ligament of Treitz; ¢ jejunum. Stress-induced hypermotility is shown, the 


Stress stimulus was applied 10 min before the recording 
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Figure 4 Postprandial electromyographic and manometric recordings in dogs undergoing vagotomy before and during stress. a Duodenum; b ligament 
of Treitz; c jejunum. P, pressure activity; E, electrical activity. A hypomotility effect is shown 


potentials in 1 min, expressed according to the equation: 


no. of action potentials in 1 min 


AP:SW ratio = x 100 





no. of slow waves in 1 min 


The AP:SW ratio is a quantitative parameter of intestinal motility in 
a particular segment for this 1 min. The action potential, also known 
as a ‘spike’, consists of a single or multiple (but always rapid) variation 
in electrical activity; it does not always appear but, when it does, it is 
always related to the slow wave and located on the positive side?* 


Statistical analysis. Statistical treatment of data consisted of analysis 
of variance. Analyses used in all experimental groups corresponded to 
a factorial design, which considered the different factors that can 
influence variability in intestinal motility: animals, evolution with time 
and intestinal segment. Analyses of variance were carried out with 
significance tables using Tukey’s partial comparison method?”. 


Results 


Effects of restraint stress on intestinal motility in dogs not 
undergoing vagotomy (control groups I and 2) 

Restraint stress produced complete abolition of the characteristic 
migrating motor complex (MMC) of the normal fasting-pattern 
(Figure 2a) and an increase in the AP:SW ratio at the three 
levels studied. These differences were significant compared with 
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phase I motility seen during fasting (P < 0-001) (Table 1; 
Figures 2a and 3) and postprandial motility (P < 0-001) 
(Table 1; Figure 2b). The increased motility was maintained as 
long as the stress stimulus was applied (Figures 2a and 2b). 


Effects of restraint stress on intestinal motility in dogs 
undergoing vagotomy (groups 3 and 4) 


During fasting (group 3), restraint stress produced a significant 
increase (P < 0-001) in the AP:SW ratio compared with phase 
I motility at the three levels studied. This was maintained 
throughout application of the stress stimulus (Table 1; 
Figure 2c). The increase in motility was lower than the hyper- 
motility of control group 1 (P < 0-001). Furthermore, in three 
of the ten recordings propulsive motor fronts with similar 
characteristics to MMC phase II were recognized. 

After food (group 4), restraint stress caused a significant 
decrease in the AP:SW ratio at the three levels studied 
(P < 0-01) (Table 1; Figures 2d and 4). 


Discussion 


It is currently accepted that different types of stress, both 
physical and mental, can alter gastrointestinal motor function 
in humans and animals!>-?*2°, Some frequently used models 
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of mental stress are acoustic stress (deafening music, 
noises )°°-3", solving difficult anagrams*”, visual tests of driving 
in the city or with asteroids! 3° and immobilization**. Among 
the existing models of physical stress are standardized pain 
stimuli?5, cold! and maze stimuli!>. 

In the present paper the restraint stress model used caused 
a significant increase in intestinal motility both during fasting 
and after feeding. Various authors have described a 
hypermotility effect caused during fasting by different stress 
models, both mental*® and physical ‘!-1!-35-5738_ Stress-induced 
changes in MMC-IMC periodicity have also been des- 
cribed?°-33-39*1_ McRae et al.39 and Parnham and colleagues*° 
observed a significant decrease in this periodicity in humans, 
whereas Kumar and Wingate’! found complete abolition of 
MMCs in humans during the stress period, in line with the 
present results. 

The present data support the studies of Gue et al.*?, who 
described a postprandial increase in motility during acoustic 
stress in the dog. By contrast, others** have described intestinal 
hypomotility, using a physical stress model. These differences 
may be the result of the use of different stress models. Physical 
stress could predominantly activate the adrenergic system and 
induce such a hypomotility effect. Although the present, 
painless, stress model may activate the adrenergic system, it 
must have a more important influence on the vagal and 
B-endorphinergic systems, thus explaining the occurrence of the 
intestinal hypermotility effect. ; 

On the other hand, the present experiments show that 
stress-induced intestinal hypermotility is partially inhibited by 
vagotomy, both during fasting and after feeding (Figure 2), 
indicating that the vagal system is directly involved in the motor 
response of the small intestine to restraint stress. There are 
known to be anatomical connections between the central 
nervous system and the intestine through the vagal system**, 
such that the stress stimulus through the vagal fibres would 
induce the increase in intestinal motility and the disorganization 
of the fasting pattern**~*°. As explained above, the painless 
stress mode] used in the present experiments could activate the 
vagal and f-endorphinergic systems and also the adrenergic 
system. Following vagotomy, restraint stress would activate 
only the adrenergic system, with appearance of the hypomotility 
effect. 

In conclusion, these results show that restraint stress induces 
an increase in intestinal motility, both during fasting and after 
feeding, and that the vagal system is involved in this effect. The 
results cannot be extrapolated to humans because the stress 
applied to dogs may not be an effective model for stress in 
humans. However, clinical digestive syndromes may be 
triggered by aetiological mechanisms dependent on mental 
stress, and it is well known that intense emotion may be manifest 
as abdominal pain and diarrhoea. The physiological basis for 
such symptoms may be the hypermotility shown in these 
experiments. 
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Eurosurgery ‘93 


The 3rd European Congress of Surgery under the auspices of Eurosurgery will take place in 
London from 14 to 17 September 1993. This international congress embraces all the specialties 
within surgery and sessions will be sponsored by all of the surgical specialist associations and 
societies of the participating nations, ensuring that there will be an international and 
multidisciplinary approach to many common surgical problems. Additionally, there will be 
European symposia of general interest to all surgeons on themes such as endoscopy, 
management of patients with trauma, daycase surgery, graduated patient care, surgical audit 
and surgery in the developing world. A major session on surgical training is also being organized 


by the surgical trainees’ associations. 


A large number of free papers will also be given and these communications will be published 
in a special supplement of The British Journal of Surgery. 


On 14 September 1993 a number of satellite sessions sponsored by companies are being 


organized for delegates. 


Further details and registration forms may be obtained from the Congress Secretariat, 
Eurosurgery 1993, Conference Associates and Services Ltd, Congress House, 55 New Cavendish 
Street, London W1M 8RE, UK. Telephone: 071 436 0531. Facsimile: 071 935 7559. 
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Obesity: an important prognostic 
factor in acute pancreatitis 


Ninety-nine patients with acute pancreatitis in whom body mass index 
(BMI = weight (kg)/height? (m*)) was measured were studied 
prospectively to determine the importance of obesity as a prognostic 
factor in this disease. Of 19 obese patients (BMI > 30 kg/m°), 12 
developed severe pancreatitis; seven had abscesses, of whom five died, 
and two further patients died. In 80 non-obese patients, the incidence 
of severe pancreatitis (n = 5), abscess formation (n = 4) and death 
(n = 4) was significantly less (P = 0-0007). The mean(s.d.) BMI of 17 
patients with severe acute pancreatitis was significantly higher than that 
in 82 patients with mild acute disease (31-2(5-6) versus 23-3(5-6) kg/m’, 
P < 0-001). As a single prognostic factor, obesity had a sensitivity of 
63 per cent and a specificity of 95 per cent for predicting disease severity. 
When five obese women with gallstone pancreatitis were excluded, the 
sensitivity of obesity increased to 86 per cent. Severe pancreatitis 
occurred in all eight obese patients with disease of an alcoholic aetiology. 
These data suggest that increased fat deposits in the peripancreatic and 
retroperitoneal spaces in obese patients may increase the risk of 
peripancreatic fat necrosis, abscess and death. Consideration should be 
given to including obesity as a prognostic factor in acute pancreatitis. 


~ 


Most patients who develop severe pancreatitis have evidence 
of pancreatic and peripancreatic necrosis. This would appear 
to be responsible for most of the local infective complications 
that culminate in multiple organ failure and death. The factors 
that promote this process are, however, obscure. A study of 
pancreatic resection in severe acute pancreatitis showed that 
most necrosis involved the peripancreatic tissue, with sparing 
of the pancreatic core!. It is conceivable that the extent of 
necrosis is increased by excessive peripancreatic fat deposits in 
the retroperitoneal space in obese patients, a view supported 
by the greater incidence of extensive peripancreatic necrosis? 
and systemic complications** in overweight individuals. This 
study was undertaken to investigate the link between obesity 
and necrosis, and to assess the value of body mass index (BMI) 
as an early prognostic indicator in acute pancreatitis. 


Patients and methods 


A study was made of 133 consecutive patients admitted with a first or 
second attack of acute pancreatitis to Groote Schuur Hospital during 
two periods: October 1988 to July 1989 and February to July 1990. 
These patients had a typical clinical presentation®, supported by a 
serum amylase concentration >400 units/l (reference range <130 
units/1), or evidence of acute pancreatitis at laparotomy or necropsy. 
Clinical assessment of obesity was made where possible by the same 
observer and anthropometric measurements taken. Patients were 
weighed within 24 h of admission in hospital gowns on a seated scale; 
for those in intensive care a crane bedscale was used. Height was 
measured supine. BMI was calculated using the formula®?: 


BMI = weight (kg)/height? (m?) 


Patients were classified? as underweight (BMI < 19 kg/m?), of normal 
weight (19-25 kg/m?), overweight (26-29 kg/m?) or obese 
(230 kg/m?). The outcome of each cohort was analysed separately. 

Patients were assessed according to clinical and biochemical criteria, 
the modified Imrie scoring system? being used to assist in the assessment 
of disease severity. Measurement of blood lipid levels was employed 
only when the aetiological factors were not clearly identified. Severe 
pancreatitis was defined by the development of pancreatic necrosis, 
abscess, systemic organ failure requiring intensive care management, 
or death. Patients with suspected severe pancreatitis underwent 
standard computed tomography (CT) to assess the nature and extent 
of local pancreatic complications, but the diagnosis of infected 
pancreatic necrosis or pancreatic abscess was made at operation and 


supported by positive microbiological culture. Contrast-enhanced CT 
was not routinely used to assess pancreatic necrosis. The term 
pancreatic phlegmon was used when a large pancreatic mass was present 
on CT. 

The clinical course, investigations, complications and interventions 
were documented in all patients until death or discharge from hospital. 
Data were entered into a database and analysed by Student’s t test, 
Fisher’s exact test and y? analysis. The study was approved by the 
Ethics Research Committee of the University of Cape Town. 


Results 


Of the 133 patients admitted, 34 are not considered further 
because BMI measurements were not available, leaving 99 in 
the study group. Eighty-three patients were suffering their first 
attack of pancreatitis and the remaining 16 their second. There 
were 68 men and 31 women of mean(s.d.) age 41-2(12°7) years. 
The aetiology was alcoholic in 72 patients (61 men, 11 women), 
gallstone-induced in 14 (four men, ten women) and idiopathic 
in seven (two men, five women). Four attacks were associated 
with Ascaris infestation, one with hyperlipidaemia and one 
occurred after cholecystectomy. 


Severe pancreatitis 

Seventeen patients (17 per cent) developed severe pancreatitis, 
of whom 11 died. These 17 comprised 13 men of mean age 45 
years and four women of mean age 40 years. The aetiology 
among the women was different from that among the men. One 
woman had pancreatitis associated with Ascaris infestation, one 
bad hyperlipidaemia, disease in one followed cholecystectomy 
and in the fourth was idiopathic. None had alcoholic or 
gallstone pancreatitis. By contrast, only one of the men had 
idiopathic pancreatitis, disease in the rest being of alcoholic 
aetiology. 

All 17 patients required intensive care for systemic 
complications. These included respiratory failure in all, renal 
failure in 12 and cardiac failure requiring inotropes in 14. Local 
complications included infected pancreatic necrosis in 11 
patients, of whom two had necrosis of the transverse colon, 
and large pancreatic phlegmon in six. 

Surgery was required in 11 patients; this included 
sump-catheter drainage in six and debridement of necrotic 
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peripancreatic tissue in five. Operations were performed a 
median of 8 (range 1-32) days after admission. Nine patients 
in this group died from uncontrollable sepsis in spite of multiple 
laparotomies (mean 2:2 per patient). Two deaths from multiple 
organ failure occurred before intended surgery; both patients 
had pancreatic phlegmons confirmed on CT. 

The patients with severe pancreatitis were significantly more 
obese than those with mild disease (mean(s.d.) BMI 31:2(5-6) 
versus 23-3(5-6) kg/m?; t = 5-42, 97 d.f., P < 0-001) (Figure 1). 
The mortality rate of obese patients (seven of 19) was 
significantly higher than that in the other groups combined 
(four of 80) (P = 0-0007). 


BMI (kg/m?) 





Mild Severe 


(n= 82) 


Figure 1 Body mass index (BMI) according to severity of pancreatitis. 
Bars are mean(s.d.) 


(n=17) 


Obesity in acute pancreatitis: 1. C. Funnell et al. 


Effect of body mass index on outcome 


The association between BMI and outcome is summarized in 
Table 1. Most of the patients in the four categories were 
correctly assessed by simple clinical observation, although eight 
of the 17 with BMI 26-29 kg/m? were thought clinically to be 
obese. Complications in the underweight group comprising 14 
men and one woman were rare: there was one pseudocyst but 
no other complications or deaths. In patients of normal weight, 
comprising 34 men and 14 women, complications occurred in 
two men with severe alcohol-induced pancreatitis (one infected 
pancreatic necrosis, one infected pseudocyst) and both died 
from multiple organ failure. Three of the 17 patients with BMI 
26-29 kg/m? had severe pancreatitis and two died from 
infected pancreatic necrosis. All three were assessed as clinically 
obese. 

The outcome in relation to age and aetiology is summarized 
in Tables 2 and 3. All eight obese alcoholic men developed 
severe pancreatitis and four died, compared with four severe 
attacks with three deaths among 64 non-obese alcoholic 
patients. None of the 14 patients (five obese, nine not) with 
gallstone pancreatitis developed complications or died. Of the 
remaining four deaths, three occurred in obese women: one after 
cholecystectomy, one idiopathic and one with Ascaris-induced 
pancreatitis. The remaining death was in an overweight woman 
with hyperlipidaemic pancreatitis. 


Obesity and the Imrie scoring system 

The validity of the Imrie multiple-factor scoring system in 
predicting severity (three or more positive criteria within 48 h 
of admission ) was confirmed in the present patients. Fifteen of 
the 17 patients with severe pancreatitis had a positive Imrie 


Table 1 Association between body mass index, sex, age and complications in 99 patients 









































Pancreatic Imrie 
BMI é Sex ratio Mean age score Severe 
Cohort (kg/m?) No. (M:F) (years) Phlegmon - Necrosis 23 disease Death 
Underweight <19 15 14:1 35 0 0 1 0 0 
Normal 19-25 48 34:14 40 0 2* 2 
Overweight 26-29 17 11:6 45 1 2 5 3 2 
Obese 230 19 9:10 46 5 7 11 12 7 
BMI, body mass index. *One necrosis and one infected pseudocyst 
Table 2 Aetiological factors and outcome for 80 patients of the non-obese group 
Pancreatic 
Sex ratio Mean age Severe 
Aetiological factor No. (M:F) (years) Phlegmon Necrosis disease Death 
Alcohol 64 53:11 39 1 3 4 3 
Gallstones 9 4:5 52 0 0 0 0 
Ascaris 2 1:1 29 0 0. 0 0 
Hyperlipidaemia 1 0:1 33 0 1 1 1 
Idiopathic 4 1:3 32 0 0 0 0 
Table 3 Aetiological factors and outcome for 19 patients of the obese group 
Pancreatic 
Sex ratio Mean age Severe 
Actiological factor No. (M:F) (years) Phlegmon Necrosis disease Death 
Alcohol 8 8:0 43 5 3 8 4 
Gallstones 5 0:5 51 0 0 0 0 
Ascaris 2 0:2 44 0 1 1 1 
Postoperative 1 0:1 53 0 0 1 1 
Idiopathic 3 1:2 42 0 2 2 1 
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score, as did five of the 82 with mild disease, a sensitivity of 
88 per cent and specificity of 94 per cent. On the other hand, 
severe pancreatitis was recorded in 12 of the 19 obese patients 
and in five of 80 who were not obese, a sensitivity of 63 per cent 
and specificity of 95 per cent. When five obese women with 
gallstone pancreatitis were excluded, the sensitivity and 
specificity for obesity were 86 and 93 per cent respectively. 


Discussion 

This study supports the impression that obese patients 
(BMI > 30 kg/m7*) are at increased risk of pancreatic necrosis, 
sepsis, systemic complications and death. No fewer than 12 of 
19 such patients had severe pancreatitis and seven died. Overall, 
the mortality rate in obese patients was significantly higher 
than in the other weight groups combined. 

The incidence of local complications, particularly infected 
pancreatic necrosis, was significantly higher in obese patients, 
with a similar trend being present in overweight individuals. 
This suggests that a greater volume of retroperitoneal fat may 
be an important factor that increases its susceptibility to 
necrosis and subsequent secondary infection with the formation 
of abscesses*®. Retroperitoneal and intra-abdominal fat volume 
can be accurately determined using CT!!, but the technique is 
not reliable in the presence of pancreatic and peripancreatic 
inflammation. It is apparent from the present data, however, 
that an association exists between obesity and local 
peripancreatic complications. 

In two previous studies>* an increased incidence of systemic 
but not local complications was noted in obese patients. The 
present study, however, differs in patient material and, in 
particular, aetiological breakdown with respect to the Lankisch 
report’. The incidence of gallstone pancreatitis (30 per cent) 
in the latter study is higher than that of the present (14 per cent), 
whereas the figures for alcoholic pancreatitis are 33 and 
72 per cent respectively. These differences may explain the 
disparity in complication rates, as aetiological factors appear 
to influence outcome. All five obese patients with gallstone 
pancreatitis in the present study had mild attacks, while severe 
pancreatitis occurred in 12 of the remaining 14 obese patients. 
All eight obese patients with an alcoholic aetiology and four 
of the six with disease from other causes had severe pancreatitis, 
with seven deaths. Larger studies are needed to assess the 
apparent better prognosis in obese patients with gallstone 
pancreatitis. 

The early identification and prediction of patients at risk 
for severe pancreatitis has been intensively studied. Although 
a high level of accuracy has been achieved by the multiple-factor 
scoring systems of Ranson! and Imrie’, and the APACHE II 
system!?, these complex schemes often attain a predictive value 
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only after the severity of the attack is clinically obvious. 
Body-weight and height are simple reproducible measurements 
that can easily be made at the initial examination. Experience 
suggests that clinical assessment is sufficient to identify correctly 
the majority of obese patients. In the present study this single 
clinical observation had a high specificity and sensitivity, and 
can therefore be used as a reliable risk factor in the selection 
of patients requiring monitoring in an intensive care unit. 
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Since the first published case’ of a family with chronic calcific 
pancreatitis in 1952 approximately 25 other families have been 
documented in the world literature. The largest affected family 
to date included ten definite cases of pancreatitis and another 
four suspected’. This is the second documented English family. 
The optimal surgical treatment is disputed. A family with 
five known affected members is presented (Figure 1), two of 
whom were successfully treated by distal pancreatectomy. 


Case reports 


Patient | 

The propositus, a woman aged 34 years, presented with severe epigastric 
pain associated with mildly raised serum amylase levels. From the age 
of 10 years she had had many episodes of central abdominal pain 
requiring several admissions to hospital without a firm diagnosis being 
made. Abdominal radiography showed calcification in the region of 
the pancreas. Computed tomography (CT) revealed extensive 
calcification throughout the gland with little remaining parenchyma 
Endoscopic retrograde cholangiopancreatography showed dilated 
pancreatic ducts with multiple extraductal and intraductal calcifi- 
cations. The patient was treated conservatively with analgesia, but the 
pain became intolerable, necessitating increasingly higher doses of 
opiates, and she developed steatorrhoea. At 3 years after initial 
presentation the patient underwent distal pancreatectomy with distal 
end-to-side pancreatojejunostomy and jejunojejunostomy. Histological 
analysis showed fibrosis and atrophy of acinar tissue consistent with 
non-specific pancreatitis. She has remained pain-free since the operation 
7 years ago and the condition is well controlled by insulin and pancreatic 
enzyme supplements, 


Patient 2 

The eldest son of the propositus had suffered from epigastric pain since 
the age of 24 years. Abdominal radiography and CT confirmed the 
suspicion of calcific pancreatitis. He was initially treated with enzyme 
supplements and mild opiates, but symptoms persisted and worsened. 
At 6 months after presentation the patient underwent distal 
pancreatectomy and splenectomy with distal pancreatojejunostomy and 
jejunojejunostomy loop. Specimen radiography showed the extent of 
the disease (Figure 2). The postoperative course was uneventful, and 
2 years later the man is pain-free with normal blood sugar levels 


Patient 3 

The eldest daughter of the propositus presented at the age of 24 years 
with calcific pancreatitis (confirmed by radiography and CT) and 
diabetes. Initially the disease was well controlled by mild opiates; 
however, symptoms progressed and the patient has recently undergone 
distal pancreatectomy, 2 years after initial presentation. 


Patient 4 

The second youngest son of the propositus recently developed epigastric 
abdominal pain at the age of 16 years that occurs episodically and is 
associated with watery diarrhoea. Abdominal radiography showed no 
calcification in the pancreas although he had a raised serum amylase 
level of 400 units /1 
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Figure 1 Family tree . Female; ©, male: (, pancreatitis; @ 
pancreatitis and pancreatic cancer possible early pancreatiti 





Figure 2 Specimen radiograph following distal pancreatectomy 1 
patient 2, demonstrating extensive pancreat calcification extending 
the hilum of the spleen 


Patient 5 

The father of the propositus had a diagnosis of chronic calcific 
pancreatitis made at the age of 40 years, having suffered from abdominal! 
pain since early adult life. He developed diabetes mellitus at 47 years 
and finally cancer of the pancreas at the age of 57 years. He died the 
following year 


Patient 6 

The grandfather of the propositus had a similar history to that of her 
father. First, he developed chronic pancreatitis in his twenties and ther 
cancer of the pancreas, from which he died at the age of 52 years 


Discussion 


This family shows the typical features of hereditary calcific 
pancreatitis. It can be assumed that the disease was passed on 
from the grandfather of the propositus, indicating an autosomal 
dominant inheritance. In this family there appears to be a high 
level of gene penetration. This family demonstrates the 
unrelentingly progressive aspect of the disease and the high 
incidence of malignant change 

Previously the condition has been linked with a 25 per cent 
incidence of cancer of the pancreas*; there have been two cases 
so far in the present family. The other members of the family 
are being followed carefully as a result 

The treatment of patients with this disease is often 
unsuccessful. Conservative therapy usually offers only temporary 
relief and requires increasing doses of opiate analgesics Surgical 
therapy has included drainage procedures with various degrees 
of success*®. Total pancreatectomy has also been advocated, 
having a better chance of success in treating the intractable 
pain associated with the condition, although this operation 
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carries a high degree of morbidity. Distal or subtotal 
pancreatectomy has also had mixed results, although patients 
land 2 in this family experienced complete relief of pain after 
operation. While not advocating distal pancreatectomy for all 
patients, it is proposed that the procedure be considered when 
conservative therapy is failing. 
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Standard surgical texts list several rare causes of acute 
pancreatitis that should be considered when gallstones and 
alcohol have been excluded. This list should now also include 
intraluminal duodenal diverticulum. a congenital abnormality 
first described by Boyd! in 1845. 


Case report 


27-year-old woman was admitted to hospital with acute pancreatitis. 

During the preceding 7 months she had experienced several less severe 
episodes of epigastric pain. She did not drink alcohol, had normal 
serum lipid levels and a normal abdominal ultrasonography scan. 
Symptoms settled with conservative treatment. Some 2 months later 
she was readmitted after a more severe attack. Endoscopic retrograde 
cholangiopancreatography (ERCP) during this admission appeared to 
show a large polyp in the second part of the duodenum that obscured 
the papilla. preventing cannulation of the ampulla of Vater. A 
subsequent duodenogram supported the endoscopic findings { Figure 1). 

At laparotomy 3 weeks later the duodenum was palpably normal 
but duodenotomy revealed a 7x 2em duodenal diverticulum 
resembling a ‘windsock’ and which could be completely invaginated. 
The neck of the diverticulum was attached to 120° of the circumference 
of the duodenal wall at the level of the papilla and on the same side 
of the duodenum. Although the diverticulum was not causing luminal 
obstruction, when it was collapsed its free edge lay directly over the 
papilla. The diverticulum was excised along its mural attachment. 
Microscopically it comprised two layers of duodenal mucosa separated 
by muscularis mucosa, The patient made an uneventful recovery and 
after 6 months remains asymptomatic. 
Discussion 
An intraluminal diverticulum, which is usually found in the 
second or occasionally the third part of the duodenum. is one 
of the least common forms of congenital duodenal abnormality. 
It occurs equally in both sexes. Approximately 50 cases have 
been reported in the world literature, 40 per cent of which have 
had coexistent anatomical abnormalities including choledocho- 
cele and annular pancreas’. In the 7-week-old normal embryo 
the duodenum becomes occluded and then recanalized. 
Incomplete recanalization causes either duodenal atresia, 
stenosis or a diaphragm?. A duodenal diverticulum, attached 
to all or part of the circumference of the duodenum, may be 
caused by ballooning of a diaphragm or may represent the 
remnant of dual recanalization, a theory postulated to explain 
its rare occurrence in neonates*. 

Intraluminal duodenal diverticula most commonly present 
in the third to fifth decades with abdominal pain and obstructive 
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Figure | Barium contrast study of the duodenum showing a large filling 
defect within the lumen (arrows) that was thought to be a polyp, although 
the screening radiologist noted that it appeared to change size and shape 
on different views 


symptoms“. They have also been associated with gastrointestinal 
haemorrhage, although the exact site of bleeding is not always 
clear. The authors are aware of only ten cases in the literature 
of an intraluminal duodenal diverticulum causing pancreatitis’. 
Nance et al.® speculated that reflux of duodenal contents into 
the pancreatic duct might occur if the ampulla became deformed 
by filling of the diverticulum or if the duodenum became 
obstructed by the diverticulum. Alternatively, pancreatitis 
might result from obstruction to pancreatobiliary drainage 
caused by the diverticulum collapsing on to the papilla. 

With the increasing use of ERCP for the investigation of 
pancreatitis, this abnormality may be encountered more 
frequently than before. Diverticulectomy, via a duodenotomy 
or endoscope, appears to be universally successful in preventing 
further attacks of pancreatitis. 
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Graft size assessment by 
preoperative computed 
tomography in living related 
partial liver transplantation 


The size of segmental liver grafts assessed by preoperative computed 
tomography (CT) volumetry was evaluated in relation to surgical 
outcome in 14 living related partial liver transplantations (LRLT. s). 
The aim was to show that graft size can be accurately assessed before 
operation and to estimate the lower safety limit of graft size in assessing 
subsequent graft function and survival. The relationship between 
calculated CT volume and weight of the liver was linear in the recipient 
(r = 0:97) and donor (r = 0-98). The mean(s.e.m.) modified liver weight 
ratio (MLWR; ratio of graft weight to recipient's expected liver weight 
based on body-weight) was 0-59(0-07) (range 0-27-1-09). Surgical 
complications related to an oversized graft and primary graft failure 
caused by a small-for-size graft were not observed. The lowest MLWR 
of any survivor was 0-27. These results suggest that a partial liver graft 
reduced to about 30 per cent of the recipient’s expected liver weight can 


Dr H. Higashiyama 


Recent advances in medical electronics have enabled hepatic 
volume determination in vivo by computed tomography (CT). 
This has made it possible to obtain accurate information on 
liver regeneration after hepatectomy! and about graft volume 
before transplantation?~. In liver transplantation, a major 
concern for surgeons is the size of graft that is to fit into the 
recipient's abdominal cavity. Although the ideal size of the graft 
is that of the recipient’s normal liver, the severe shortage of 
donor organs has compelled Surgeons to accept size 
discrepancy. Therefore, more accurate assessment of graft size 
before operation and information on the possible limits of this 
size discrepancy would probably enlarge the pool of potential 
transplant recipients. 

This institute initiated a series of living related partial liver 
transplantations (LRLTs) in June 1990 in the belief that it 
would allow surgeons to perform elective surgery with 
preoperative evaluation of immunological matching as well as 
liver volume determination and to use fresh grafts>*. These 
merits would theoretically lead to improved results because the 
problems of rejection and primary non-functioning liver would 
be greatly reduced. Accurate assessment of graft size is essential 
before LRLT because a graft obtained from a living donor is 
usually taken from the left lateral or left lobe of the liver and 
is limited in size*°. Even the use of the left lobe may result in 
hepatic failure in a large recipient, because of its small size 
compared with the minimum functional hepatic volume. 

The aims of this study were to evaluate graft size assessed 
by CT in relation to surgical outcome in 14 LRLTs and to 
estimate a lower safety limit of partial liver graft volume that 
could tolerate the transplantation procedure and meet the 
recipient’s metabolic needs. 


Patients and methods 


Patients 

Between June 1990 and March 1991, 14 patients (six boys, eight girls) 
of mean age 4-4 years (range 8 months to 11 years) underwent LRLT 
for end-stage liver disease (Table 1). The series of LRLTs was approved 
by the ethics committee of Kyoto University. Partial hepatectomy in 
the living donors (12 mothers, two fathers: mean age 33-9 (range 24-40) 
years) was based on the segmental anatomy of the liver as applied to 
hepatic resection’. Seven children received Couinaud segments IT and 
MI (left lateral lobe), six segments I, III and IV (left lobe) and one 
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tolerate LRLT well. 


segments V, VI, VII and VIII (right lobe) (Table 1). With the informed 
consent of parents, the 14 children and donors were evaluated for 
hepatic volume and size by CT before operation. 


Liver computed tomography 

CT of the liver for volume determination was performed using a Hitachi 
model CT W-1000 (Hitachi, Ibaragi, Japan). Serial transverse scans at 
0-S-cm intervals from the dome of the liver to the most inferior part 
of the organ were obtained, with enhancement by an intravenous bolus 
injection of contrast medium. Using an electronic ‘mouse’ linked to a 
Picture archival and communicating system®, the perimeters of the left 
lateral, left and right lobes and of the whole liver were outlined on 
each slice and the enclosed area simultaneously calculated. The total 
volume of each lobe and of the whole liver was obtained by summing 
the volumes of individual slices. During hepatic volume determinations, 
the maximum anterior—posterior and left-right dimensions as well as 
axial length of the graft and recipient liver fossa were also measured. 


Measurement of the weight of donor graft and recipient’s liver 

The weight of liver graft stored in University of Wisconsin solution 
was measured on a back-table. The weight of the recipient’s liver 
containing blood was measured immediately after removal from the 
patient's abdominal cavity. The expected weight of the recipient’s liver 
was calculated from the patient’s ideal body-weight according to a 
previous report from Japan’. At the time of the calculation of ideal 
body-weight, allowance was made for ascites and/or pleural effusion. 


Statistical analysis 

Values are expressed as mean(s.e.m.). Differences were evaluated by 
Student’s ¢ test. Linear regression analysis was used to generate 
correlation equations. P<0-05 was considered significant. 


Results 


Relationship between liver weight and liver volume determined 

by computed tomography 

The mean(s.e.m.) hepatic volume calculated by the summation 
of areas technique using serial CT images was 613-5(114-3) 
(range 311-2034) cm? in the recipient and 227-7(30:2) (range 
116-592) cm? in the donor. The mean(s.e.m.) weight of the 
same livers was 673-6(126-4) (range 250-2220) g in the 
recipient and 279-2(29-0) (range 174-630) g in the donor. The 
relationship between the calculated CT volume in vivo and the 
weight of the liver at operation was linear in the recipient 
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Table 1 Indications for partial liver transplantation from a living donor in 14 children 
eee 




















Age 
Patient Weight Body-weight Hepatic segments 
no. (years) (months) (kg) Diagnosis Indication ratio* implanted 
1 9 17-8 Congenital biliary atresia Elective 3-26 U, 1, IV 
2 3 140 Congenital biliary atresia Elective 3-71 J, WW, IV 
3 9 24-2 Congenital biliary atresia Elective 2:36 V, VI, VI, VII 
4 3 110 Budd-Chiari syndrome Elective 5:32 0, IH, IV 
5 9 24-0 Cirrhosis Deterioration, 2:78 U, W, IV 
variceal bleeding 
6 1 9-0 Congenital biliary atresia Deterioration, coma 5-00 Il, 0, Iy 
7 6 24-4 Congenital biliary atresia Elective 219 O, I 
8 11 36-8 Budd-Chiari syndrome Deterioration 1-40 I, M, IV 
9 15 8-1 Congenital biliary atresia Elective 7-03 1, 1 
10 8 79 Congenital biliary atresia Elective 6-80 H, Ul 
11 8 72 Congenital biliary atresia Elective TAL UH, M 
12 13 63 Congenital biliary atresia Elective T4l M, W 
13 168 Congenital biliary atresia Elective 3-15 I, W 
14 8-6 Congenital biliary atresia Elective 7-23 H, WW 
*Body-weight of donor:body-weight of recipient 
Table 2 Size match between donor and recipient 
Donor graft 
Dimensions Recipient liver fossa dimensions 
Transplantation Anteroposterior Left—right Axial Volume Weight Anteroposterior Left—right Axial 
no. (mm) (mm) (mm) (cm*)* (g)t (mm) (mm) (mm) 
1 63 114 105 240 260 136 140 110 
2 71 93 90 243 275 92 115 120 
3 60 101 90 592 630 131 101 120 
4 6l 69 80 260 320 122 99 110 
5 40 87 80 228 275 719 92 100 
6 51 99 100 209 255 72 100 100 
7 66 74 70 195 235 98 105 110 
8 57 90 80 240 315 155 168 140 
9 65 68 70 116 190 75 90 100 
10} 50 54 80 145 174 46 86 110 
11 62 57 80 154 235 62 81 120 
12 62 68 70 159 260 79 71 130 
13 62 94 80 202 230 73 104 120 
14 65 68 70 205 255 73 101 110 


*Calculated from CT; tactual weight stored in University of Wisconsin solution; fanteroposterior fossa dimension in this recipient was less than 


that of the graft 


(y = 107x + 17,r = 0-97, P < 0-001) and donor (y = 0-94x + 65, 
r = 0-98, P < 0:001) (Figure 1). 


Donor-recipient size match 

Table 2 shows the anteroposterior, left-right and axial 
dimensions of the graft and recipient liver fossa. These three 
dimensions were always lower in grafts than those of the 
recipient liver fossa except for one case (LRLT 10), in which 
the anteroposterior dimension of the recipient was smaller than 
that of the graft. Despite this disparity of 4mm, abdominal 
closure was performed without difficulty. No surgical 
complication related to an oversized graft was observed. 

The ratio of graft weight to recipient’s expected liver weight 
(modified liver weight ratio; MLWR) gradually decreased as 
the body-weight of the recipient increased, except in one case 
(LRLT 3) in which the patient received a right lobe as a graft 
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(Figure 2). Figure 3 shows the relationship between CT volume 
ratio (graft CT volume:recipient’s liver CT volume) and 
MLWR. There was a significant difference between these two 
ratios. The lowest MLWR of any survivor was 0-27. 


Graft function and survival i 

Changes in liver function test findings and arterial ketone body 
ratio, an accurate indicator of graft viability!®:?!, before and 
after LRLT are given in Table 3. In all cases, the arterial ketone 
body ratio increased to > 1-0 by the second day after surgery. 
Two recipients, whose MLWR values were 0:31 and 0-30, died 
on days 25 and 21 after surgery respectively. The major causes 
of death were not, however, hepatic dysfunction but acute 
cardiac failure and renal failure due to the presence of cardiac 
dysfunction (patient 5) and renal damage with massive ascites 
(patient 8) before operation respectively. Another patient 
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Figure 1 Correlation between liver volume calculated from computed 
tomography (CT) and measured weight of the liver in a donors (n = 14; 
y = 0-94x +65, r=0-98, P<6-001) and b recipients (n = 14; 
y = 1:07x + 17, r = 0-97, P < 0-001) 
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Figure 2 Relationship between modified liver weight ratio (MLWR; 

ratio of graft weight to recipient’s expected liver weight based on 


body-weight) and recipient body-weight. * Right lobe donation; e, hospital 
‘death; o, survivor 


Table 3 Results of hepatic function tests in recipients 





(no. 1) died from accidental asphyxia on day 179 after surgery, 
about 5 months after discharge. The remaining 11 patients are 
alive and their grafts are functioning well, as shown by arterial 
ketone body ratio values >1-0 after a mean follow-up of 8-6 
(range 4-14) months. 


Discussion 

These results demonstrate that an accurate determination of 
hepatic volume in vivo can be obtained by CT both in the whole 
liver of the recipient and in the segmental ‘graft of the donor. 
Although determination of hepatic volume in vivo by CT has 
previously been documented by other investigators?~*, an 
accurate assessment of a segmental graft before operation has 
yet to be reported. This information could easily be called up 
on the monitor for surgeons as they performed donor 
hepatectomy, using the ‘mouse’ linked to the communicating 
system. 

An accurate assessment of hepatic segment size is of great 
importance in LRLT because it greatly influences the choice of 
segments to be used as a graft. In contast to others?* who have 
avoided LRLT in recipients aged > 2 years or with body-weight 
> 15 kg, the age and weight ranges of the present children were 
8 months to 11 years and 6-37 kg. From the viewpoint of size 
match, therefore, the concerns are not only that a segmental 
graft might be too large for abdominal closure in smaller 
recipients, but also that a graft might be too small to function 
well in larger recipients. The latter concern was one of the 
reasons for the decision to use the right lobe as a graft for 
patient 3. 

Concerning the reduction of the liver to appropriate size, 
Otte et al. reported 54 reduced-size transplants in which a 
decision was made according to visual comparison of the size 
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Figure 3 Relationship between computed tomography (CT) volume 
ratio (graft CT volume: recipient's liver CT volume) and modified liver 
weight ratio (MLWR; ratio of graft weight to recipient's expected liver 
weight based on body-weight). e, Hospital death; o, survivor 








Total bilirubin 
SGOT (units/1) SGPT (units/1) LDH (units/1) _ (mg/dl) AKBR 
Before operation 182(31) 116(26) 511(41) 15-7(3-7) 0-43(0-19) 
Time after operation ; 
6h — — — — _ 099(0:17) 
1 day 193(28) 166(32) 590(75) 6-1(1:3) 1:15(0-07) 
2 days 145(20) 154(25) 670(67) 65(1-6) 1:56(0-14) 





Values are mean(s.e.m.). SGOT, serum glutamic—oxaloacetic transaminase; SGPT, serum glutamic—pyruvic transaminase; LDH, lactic 


dehydrogenase; AKBR, arterial ketone body ratio 
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and shape of the donor and recipient livers'?. Broelsch et al. 
reported that the size reduction of the graft was performed 
according to the body-weight ratio between donor and 
recipient? or the ratio of the graft volume to recipient's 
body-weight*. This body-weight ratio is widely used to 
determine the extent of graft reduction®™!>!3, However, the size 
and shape of the liver are not predictably related to 
body-weight, size and abdominal circumference. Moreover, the 
relative size and shape of the hepatic segments vary greatly in 
relation to the overall size of the organ. When a small-for-size 
liver is to be transplanted into a large recipient, we recommend 
that an accurate assessment of the graft size be carried out; the 
decision on which hepatic segments to use as a graft should be 
made with careful consideration of the recipient’s expected ideal 
liver weight!*15. 

The weight of severely damaged liver in the recipient will 
differ from that of the normal liver because of the pathological 
condition and malnutrition. The present study therefore 


adopted the MLWR instead of the CT volume ratio and liver ` 


weight: body-weight ratio. This is why CT volume ratios of 
several patients showed different values from the MLWRs, 
although an accurate assessment of hepatic segment size was 
performed by CT. 

The human liver can tolerate >70 per cent hepatectomy in 
the absence of cirrhosis!®. It is, therefore, likely that a fresh 
graft of MLWR >0-30 could overcome the metabolic load of 
the recipient even if impaired by the transplantation procedures 
such as cold preservation, ischaemia time and reperfusion 
injury. In fact, in the present series no primary graft failure 
occurred as long as the MLWR was >0-27. However, the use 
of a fresh graft and the reduced mean(s.e.m.) anhepatic time 
(115-1(13-4) min) as well as the shorter preservation time 
(88-5(12-6) min) in LRLT may also have contributed to the 
good results. In liver transplantation from a cadaveric donor, 
the minimum small-for-size liver successfully transplanted in a 
large host is, to the present authors’ knowledge, 41 per cent of 
the normal liver weight of a healthy individual of the same size, 
age and sex as the recipient’*. Therefore, it seems likely that 
this lower limit of MLWR could be applied to widen the pool 
of potential transplant recipients if a well functioning good graft 
is obtained from cadaveric donors. In addition, knowledge of 
the lower safe limit of the MLWR is important for surgeons 
confronted with LRLT for adults. Using this knowledge, the 
left lateral segment could be used as a graft in the latter half 
of the present 14 LRLTs even when the body-weight ratio was 
approximately 2-0, since the donor hepatectomy had to be 
performed as safely as possible. 

It is suggested that a living related segmental graft is safe if 
the ratio of the graft weight to the recipient’s expected liver 
weight is >0-27 and that this ratio could, to some extent, be 
predicted by CT volume ratio before operation, when the 
recipient’s liver weight can be calculated from ideal 
body-weight. 
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Ultrasonography during liver 
resection for hepatocellular 
carcinoma 


Seventy-nine consecutive patients underwent elective laparotomy for 
symptomatic hepatocellular carcinoma between 1986 and 1992. In the 
first 4 years, 51 patients received liver resection without intraoperative 
ultrasonography. In the subsequent 2 years, ultrasonography was 
performed during operation on 28 patients; three were found to have 
inoperable tumours. The technique located tumours in two patients and 
changed the extent of liver resection in another two. Eight of 51 patients 
(16 per cent) who had the parenchymal transection plane determined 
clinically had histological evidence of tumour infiltration of the resection 
margins, compared with none of 25 in whom the plane was determined 
by ultrasonography. This difference was significant (P = 0-034). The 
use of intraoperative ultrasonography improved patient survival, 
although this was not statistically significant. The median survival of 
patients with adequate resection margins was 9:2 months, compared 
with 3-9 months in those with inadequate margins. Intraoperative 


Professor A. K. C. Li 


Intraoperative ultrasonography is now used routinely in 
many centres. Hepatocellular carcinoma (HCC) complicating 
cirrhosis is one indication for use of this technique. The search 
for a small neoplastic nodule within the firm nodular cirrhotic 
liver can be difficult and such non-palpable lesions can often 
be located only by intraoperative ultrasonography. Preservation 
of functioning liver tissue is an important surgical goal. 
Ultrasonography clearly displays the extent of the tumour, its 
relationship with the hepatic vascular anatomy, and the 
potential resection plane. This information is obtained at the 
outset of surgery, so that exploratory tissue dissection and 
irreversible surgical manoeuvres can be avoided in patients with 
irresectable tumours. An adequate resection margin can be 
planned for those with operable lesions. 

At this hospital. intraoperative ultrasonography has been 
used routinely for the past 2 years in all patients undergoing 
liver resection for HCC. Its impact on decision making during 
operation, on the incidence of positive liver resection margins 
and on patient survival are the subject of this study. i 


Patients and methods 


Between January 1986 and February 1992, 79 consecutive patients 
underwent elective surgery with curative intent for symptomatic HCC. 

A detailed history was obtained from all new patients. Laboratory 
and radiological investigations included full blood count, estimation 
of blood glucose level, liver profile, liver enzyme assays, prothrombin 
and partial prothrombin times, hepatitis B surface antigen and 
a-fetoprotein determinations, chest radiography and hepatic ultrasono- 
graphy. Patients who were reasonably fit and deemed to have resectable 
tumours on ultrasonography underwent further investigation by 
computed tomography (CT) and selective hepatic angiography. 
Hepatic intra-arterial injection of Lipiodol (May and Baker, Guerbet, 
Zurich) combined with CT and ultrasonography were carried out only 
when clinically indicated. The tumour was considered to be inoperable 
when there was extrahepatic spread, main portal vein invasion or 
extensive bilobar disease. 

Laparotomy was performed through a bilateral subcostal incision. 
Before the availability of intraoperative ultrasonography, the liver was 
examined and the line of parenchymal transection determined by gross 
examination. Since 1990 this has been carried out using ultrasono- 
graphy equipment (Aloka SSD-650; Aloka, Tokyo, Japan). A resection 
margin 2cm from the edge of the tumour, determined clinically or 
ultrasonographically, was used. The line of intended liver parenchyma 
transection was marked on the liver surface using diathermy. 
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ultrasonography is useful in surgery for hepatocellular carcinoma. 


In anatomical resections, preliminary hilar ligation of the branches 
of the hepatic artery and portal vein supplying the segments to be 
resected was carried out. This step was omitted in non-anatomical 
resections. The hepatic veins were secured outside when convenient, 
or inside the parenchyma when the liver was transected. Liver 
transection was carried out by finger fracture, ultrasonic dissection or 
microwave tissue coagulation’. 

The resected specimens were studied for neoplastic infiltration at 
the parenchymal transection plane. All patients were followed regularly 
at intervals of 4—12 weeks. Blood was taken for estimation of 
a-fetoprotein level and ultrasonography of the liver carried out every 
3 months in the first year after operation and thereafter at longer 
intervals to detect tumour recurrence. 


Results 


Of the 79 patients, 76 underwent liver resection with curative 
intent; 51 had no intraoperative ultrasonography compared 
with 25 who did. The demographic data of these two patient 
groups were comparable. More patients underwent minor liver 
resection (segmentectomy and non-anatomical procedures) in 
the group that had ultrasonography (44 per cent) than in the 
group that did not (26 per cent). 

Ultrasonography showed that three patients had inoperable 
tumours despite extensive preoperative investigation. Two had 
widely disseminated secondary deposits proven with biopsy and 
the third had a tumour thrombus in the right hepatic vein 
eroding into the inferior vena cava. In two patients undergoing 
intraoperative ultrasonography, another secondary deposit was 
detected that was judged to be resectable by extending the 
original plane of resection, as the nodules were adjacent to the 
primary tumours. In another two patients, the tumours could 
not be seen or felt and were successfully located by ultra- 
sonography. Intraoperative ultrasonography helped signifi- 
cantly in making the surgical decision in seven of 28 patients 
(25 per cent). 

Eight of the 51 patients (16 per cent) in whom the plane of 
liver parenchyma transection was determined by gross 
examination had histological evidence of neoplastic infiltration 
of the resection margins compared with none of the 25 who 
had the plane determined by intraoperative ultrasonography. 
The difference between the two groups was statistically 
significant (P = 0-034, Fisher’s exact test). 

Patients who underwent intraoperative ultrasonography 
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had a better survival rate than those who did not, although 
the difference between the two survival curves was not 
significant (P = 0-44, log rank test). The median survival for 
patients with negative resection margins was 9-2 months 
compared with 3-9 months for those with positive margins. 
There was no significant difference between the two survival 
curves (P = 0°32, log rank test). 


Discussion 

Intraoperative ultrasonography ‘extends’ the eyes and hands 
of the surgeon”, permits the discovery of tumours overlooked 
during preoperative examination, allows mapping of lesions, 
defines the extent of disease, and determines the relationship 
to, and involvement of, vascular structures?~1*. 

The advantages of intraoperative ultrasonography are 
notable in patients with cirrhosis, in whom surgical examination 
is difficult and parenchymal tumours cannot be felt because of 
the firm consistency of the liver. Nagasue et al. found that 
approximately half of tumours <4 cm in diameter in cirrhotic 
livers could not be palpated’. Sheu and colleagues reported 
that intraoperative ultrasonography was indispensible in 
>30 per cent of cases, enabling limited resection of small 
impalpable tumours in cirrhotic livers®. Intraoperative 
ultrasonography is three times as sensitive as preoperative 
examination in detecting tumour thrombus in the portal venous 
branches and hepatic veins?. Gozzetti et al. described 28 
patients with cirrhosis, six of whom had satellite liver nodules 
(mean diameter 1-3 cm) not seen before operation or palpated 
during surgery; these patients did not undergo hepatic 
resection’. 

The incidence of involved resection margins is seldom 
reported in the literature. Lai et al. found that, even with 
macroscopic clearance, parenchyma! infiltration or venous 
permeation at the line of parenchymal transection was detected 
histologically in 27-6 per cent of patients'*, When lesions of all 
sizes were studied together, Lee et al. recommended a resection 
margin of 1 cm because a significantly better survival rate was 
found in patients with such an extent of tumour clearance’®. 
Yoshida et al. suggested that a resection margin <1cm is 
inadequate in preventing intrahepatic recurrence for tumours 
>4 cm in diameter!’. A wide resection margin may achieve a 
high rate of complete extirpation of the disease but increases 
the risk of postoperative encephalopathy and hepatic failure in 
those with cirrhosis. In none of the studies cited above was 
intraoperative ultrasonography used to help determine the 
extent of resection. Ultrasonography allows better definition of 
margins, and the plane of liver transection can be orientated 
to avoid injury to the major portal or hepatic branches, thus 
preserving functioning liver parenchyma’. Intraoperative 
ultrasonography has been used to orientate the surgeon during 
hepatic parenchyma transection so as to obtain an adequate 
resection margin'? and, because it delineates the relationship 
of the tumour to the vascular structures, a more limited 
resection is permitted'*. This may explain why there were more 
patients with minor liver resection in the group undergoing 
ultrasonography. Intraoperative ultrasonography has facili- 
tated the development of two new operative procedures: 
systemic subsegmentectomy? and inferior right hepatic 
vein-preserving hepatectomy?®. 

After apparently successful hepatic resection, recurrence and 
metastasis are the most -frequent causes of subsequent 
mortality?°. These are the result of residual disease that remains 
because conventional examination fails to detect small satellite 
lesions or because the resection margin is inadequate. The 
improvement in patient survival in the present study may have 
resulted from an increase in surgical experience with 
hepatectomy, the introduction of other new techniques such as 
ultrasonic dissection, and the use of minor resection in a higher 
proportion of patients in whom intraoperative ultrasonography 
was employed. The results show that intraoperative ultra- 
sonography is helpful in making decisions during surgery and 


reducing the incidence of histologically positive margins. 
Patient survival was improved after liver resection, although 
not significantly so. Tumour-free resection margins probably 
have a beneficial effect on survival. The effects may not have 
been significant because the number of patients studied was 
small, some died from disseminated disease (presumably 
because the tumour had already spread at the time of liver 
resection) and some of the tumour nodules in the liver were 
missed. A major difficulty in the cirrhotic liver is to differentiate 
regenerative nodules from small HCC. Despite its limitations, 
intraoperative ultrasonography contributes, significantly to the 
management of patients with HCC and routine use of the 
technique is advocated. 
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Changes in liver blood flow 
associated with the growth of 
hepatic LV10 and MC28 sarcomas 
in rats 


Abnormalities in liver blood flow are known to occur in patients and 
animals with overt hepatic tumour. This study investigated the changes 
in liver blood flow associated with the development of overt hepatic 
tumour in two different models. Hepatic tumour was induced by 
intraportal inoculation of either 300 LV10 sarcoma cells or 10° MC28 
sarcoma cells in rats. Liver blood flow and hepatic haemodynamics were 
measured 3 weeks later when overt liver tumour was present. The hepatic 
perfusion index (HPI), the ratio of hepatic arterial to total liver blood 
flow, was raised and portal venous inflow reduced in rats with LV10 
tumours, but not in those with MC28 lesions. Hepatic arterial flow was 
unchanged in LV 10 tumours when the HPI was raised and neither model 
demonstrated arteriosystemic or portosystemic shunting. The changes 
in portal venous inflow were associated with a significant increase in 
portal and splanchnic vascular resistance. These studies suggest that 
liver blood flow changes in the presence of overt hepatic tumour are not 
related to portal venous obstruction but may be caused by a circulating 
splanchnic vasoconstrictor. 


Abnormalities in liver blood flow are known to occur in patients 
with colorectal liver metastases. Leveson et al.1 demonstrated 
that changes in hepatic haemodynamics associated with the 
development of colorectal secondaries could be identified using 
dynamic hepatic scintigraphy. The hepatic perfusion index 
(HPI), the ratio of hepatic arterial to total liver blood fiow, 
was shown to be abnormally raised in patients with overt 
hepatic metastases. In addition, 96 per cent of a group of 
patients with an apparently normal liver at presentation but 
who developed clinically apparent metastases over the ensuing 
year had a raised HPI at presentation. 

It has been observed in both hypovascular and hypervascular 
models of hepatic tumour in the rat that the HPI is similarly 
raised in the presence of both overt and micrometastatic liver 
tumour. In these models of hepatic tumour induced by 
intraportal inoculation of either HSN sarcoma or Walker 
carcinosarcoma cells the changes in liver blood flow responsible 
for the raised HPI were caused primarily by a decrease in portal 
venous inflow’. Portal and splanchnic vascular resistance were 
also increased, suggesting that the reduction in portal venous 
inflow may be related to the presence of a circulating splanchnic 
vasoconstrictor and not secondary to the intrahepatic portal 
venous obstruction reported by some authors?. However, it is 
possible that not all liver tumour results in alterations in hepatic 
haemodynamics. Therefore, to determine whether such changes 
in blood flow are a feature of all liver tumours, the present 
investigation was undertaken in two further models of overt 
hepatic tumour in the rat. In addition, the low number of LV10 
tumour cells inoculated effectively eliminates effects caused by 
the intraportal introduction of a large particulate bolus. 


Materials and methods 


Experimental tumours 

Two tumour cell lines, LV10 and MC28 sarcomas, were used. LV10 
is a variant of the HSN sarcoma that has been conditioned by sequential 
passage for growth in the liver of Hooded Lister rats and MC28 is a 
methylcholanthrene-induced sarcoma that also grows in the liver of 
such rats. Both cell lines were grown in Dulbecco’s modified- Eagles 
medium supplemented with 10 per cent fetal calf serum, 10 mmol 
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glutamine and penicillin—streptomycin solution. Cells were released 
with trypsin from a confluent monolayer; viability assessed by trypan 
blue exclusion was 95 per cent. Hepatic tumour was induced by the 
intraporta] inoculation of a single cell suspension of either 300 LV10 
or 105 MC28 cells in male Hooded Lister rats (weight 200-250 g). 


Dynamic hepatic scintigraphy 

It has previously been reported that all the parameters of hepatic 
haemodynamics and blood flow are unchanged after intraportal 
inoculation of dead tumour cells?-*->, thereby eliminating the effects of 
a previous laparotomy or the intraportal introduction of cellular 
material as contributory to any of the changes in liver blood flow 
associated with the development of hepatic tumour. Therefore, in this 
study, a series of normal uninoculated animals were used as controls. 

Experiments were performed 3 weeks after the intraportal 
inoculation of tumour cells when overt tumour was present in the liver 
(LV10, n = 7; MC28, n = 8), or in uninoculated controls (n = 10). 
The-technique for performing dynamic hepatic scintigraphy in the rat 
has previously been described in detail?*. Briefly, after an overnight 
fast the animals were anaesthetized by intraperitoneal injection of 
sodium pentobarbitone (30 mg kg™!). A cannula was screened into 
position in the outflow tract of the left ventricle via the right carotid 
artery and adequate expulsion of a bolus assessed by injection of a 
0-1-ml bolus of sodium meglumine. 

Dynamic hepatic scintigraphy was performed using a rapid 
intraventricular injection of 0-4ml albumin colloid labelled with 
80 MBq °°=Tc. Images were obtained at a rate of 3s~' on a y camera 
with a pinhole collimator and stored on hard disc for subsequent 
analysis. Regions of interest were drawn on a composite image to 
correspond with the left ventricle, right kidney and liver. Care was 
taken to exclude the upper pole of the right kidney, the lower border 
of the right lung and the aorta from the regions of interest. 
Time—activity curves were then generated from these regions of interest 
and subjected to a maximum of three quadratic smoothings. The 
gradients of the hepatic arterial and portal venous phases of the hepatic 
time—activity curves were calculated by linear regression analysis. Since 
the gradients of these two components of the time—activity curve are 
proportional to hepatic arterial and portal venous flow, the HPI was 
calculated as the ratio of the hepatic arterial gradient to the sum of 
the hepatic arterial and portal venous gradients. 


Blood flow 
Immediately after completion of dynamic hepatic scintigraphy, organ 
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blood flow was determined using the reference microsphere technique®. 
In brief, a cannula was placed in the right femoral artery and the 
animals received an intraventricular injection of 10° *7Co-labelled 
microspheres (Nentrak; Du Pont, Stevenage, UK) 15 um in diameter, 
in 0-3 ml 0-9 per cent saline with 0-01 per cent Tween 20 (Sigma 
Chemicals, Poole, UK) over 20s. The suspension was thoroughly 
mixed before injection to ensure disaggregation of the microspheres. 
A reference sample of blood was withdrawn from the femoral arterial 
cannula at a constant rate of 1 mi min~! beginning 20s before and 
continuing for 40 s after the end of microsphere injection. At 5 min the 
animals were killed, the organs removed and weighed, and the 
radioactivity in them counted on a well y counter 1 week later when 
the 9°"T'c had decayed: Organ blood flow was calculated according to 
the method of McDevitt and Nies®. 


organ radioactivity (c.p.m.) 
reference sample radioactivity (c.p.m.) 
x reference withdrawal rate (ml min~') 


Results were rejected if there was a difference of > 10 per cent between 
blood flow values to the two kidneys, indicating inadequate ventricular 
mixing of the microspheres, or if any sample contained fewer than 400 
particles since this reduces the accuracy of the counting statistics’. 
Hepatic arterial flow was determined from the counts in the liver and 
portal venous inflow from counts in the splanchnic organs draining 
into the portal vein. 

Hepatic tumours were carefully separated from the surrounding 
parenchyma, and both tumour and normal liver weighed to allow 
calculation of the percentage hepatic replacement by weight. 


Organ blood flow (ml min™*) = 


Haemodynamics 

Two further groups of eight animals were inoculated with live LV10 
or MC28 tumour cells. A group of uninoculated rats acted as controls. 
Intrahepatic arteriosystemic shunting was determined using consecutive 
injections of 9°™Tc-labelled methylene diphosphonate and °™"Tc- 
labelled macroaggregated albumin microspheres (Pharmacia, Uppsala, 
Sweden ) via a cannula placed in the gastroduodenal artery as described 
previously?*. All the injected diphosphonate passes through the liver 
whereas the aggregated albumin is retained in normal hepatic 
parenchyma: Arteriosystemic shunting is expressed as the percentage 
of counts detected in the lungs after macroaggregated albumin injection 
compared with the counts detected after methylene diphosphonate 


Hepatic perfusion Index 





Controls LV10 MC28 


Figure 1 Hepatic perfusion index in control rats and animals with 
hepatic LV10 and MC28 tumours. Bars are mean(s.e.m.) 


injection. Portosystemic shunting was determined in a similar manner 
after injection of the isotopes into the portal vein. 

Portal pressure was measured using a pressure transducer (Gould 
Medical, Lutterworth, UK.) attached to a cannula in the portal vein, 
and systemic arterial pressure using a similar transducer attached to a 
cannula in the gastroduodenal artery. Measurement of portal venous 
flow was made by placing an electromagnetic flow probe around the 
mobilized portal vein cranial to the gastroduodenal vein. The flow 
probe was set on zero in vivo by occlusion of the portal vein distal to 
the probe and flow measured 308 after release of the clamp. Portal 
and splanchnic vascular resistance were calculated in each rat as: 


Portal vascular resistance (mmHg mi~! min) = 
portal pressure (mmHg) 
measured portal flow (ml min~') 
Splanchnic vascular resistance (mmHg ml~? min) = 
arterial pressure (mmHg) 
measured portal flow (ml min™ +) 


Statistical analysis 


Comparison of each of the experimental groups with the controls was 
made using the Mann~Whitney U test. 


Results 

Dynamic hepatic scintigraphy 

The median HPI in control animals was 32-5 (range 26—41). 
The median value in rats with overt LV10 tumour was 61:0 
(range 47-79) (P = 0-0008). The median value for overt MC28 
tumour, 40-0 (range 26-56), was not significantly different from 
that of controls {Figure 1). 


Blood flow 


Median (range) hepatic arterial flow in animals with LV10 
tumour, 2-00 (0-44-3-69) ml min~!, was not significantly 
different from that in uninoculated controls, 2-43 (0-70-4-43) 
mi min”! (P = 0-35). Median hepatic arterial flow in rats with 
MC28 tumours, 3°63 (range 200-573) mlmin™!, was 
significantly greater than in controls (P = 0-037) (Table I, 
Figure 2). Portal venous inflow in rats with overt LV10 tumours 
was significantly lower than in controls (median (range) 2-56 


hy 
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Figure 2 Hepatic arterial flow in control rats and animals with hepatic 
LV10 and MC28 tumours. Bars are mean(s.e.m.) 


Table 1 Hepatic arterial flow, portal venous inflow and portal pressure in rats with hepatic LV10 and MC28 tumours 


Controls 


LV10 MC28 





Hepatic arterial flow (ml min™') 
Portal venous inflow (ml min~*) 
Portal pressure (mmHg) 


2-43 (0-70-4-43) 
8-35 (2-22-1601) 
7-7 (47-120) 


2-00 (0-44-3-69) 
2:56 (1-05-9-22)t 
13-0 (3-4~16-5) 


3-63 (2:00—5-73 )* 
6°86 (1:35—11-83) 
9-7 (56-145) 


Values are median (range). * P = 0-037; tP = 0-013 (versus controls, Mann-Whitney U test) 
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(1:05-9:22) versus 8-35 (2:22-16-01) ml min@}, P = 0013). 
In contrast, median portal venous inflow in rats with MC28 
tumours, 6°86 (range 1:35-11:83) ml min~!, did not differ 
significantly from that in control animals {Table 1, Figure 3). 


Haemodynamics 
Portal pressure and flow. There were no significant 


differences in portal pressure between normal animals and those - 


with LV10 or MC28 tumours (Table 1). Measured median 
(range) portal flow in control animals was significantly higher 
than in rats with LV10 tumours, 14-5 (10-20) versus 100 
(8-13) ml min“! (P = 0:002), and in animals with MC28 
tumours, 10-0 (9-15) ml min=! (P = 0-0034) (Figure 4). 


Portal vascular resistance. The median (range) portal 
vascular resistance in rats with LV10 tumours was 0-99 
(0:38-1:83) mmHg m7! min and for those with MC28 lesions 


= 
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Figure 3 Portal venous inflow in control rats and animals with hepatic 
LV10 and MC28 tumours. Bars are mean(s.e.m.) 
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0:95 (0-47-1-45) mmHg ml7! min, both of which were 
significantly greater than the value in contro! animals, 0-48 
(0-33-0:92) mmHg ml~! min (LV10, P =0-011; MC28, 
P = 0-024) (Table 2, Figure 5). 


Splanchnic vascular resistance. Median (range) splanchnic 
vascular resistance was 10-80 (6-36-20-0) mmHg mi™! min in 
rats with LV10 tumours, which was significantly greater than 
the value in control animals, 7-00 (3:30-11:80) mmHg ml™! 
min (P = 0-024), but splanchnic vascular resistance in rats with 
MC28 tumours, 7-15 (5:22-9:90) mmHg ml~! min, was not 
significantly raised compared with that in contro! animals 
(P = 0-62) (Table 2, Figure 6). 


Arteriosystemic and portosystemic shunting. There were no 
significant differences in arteriosystemic or portosystemic 


Portal vascular resistance 
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Figure 5 Portal vascular resistance in control rats and animals with 
hepatic LV1IO0 and MC28 tumours, Bars are mean(s.e.m.) 
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Figure 4 Measured portal flow in control rats and animals with hepatic 


Figure 6 Splanchnic vascular resistance in control rats and animals 
LV10 and MC28 tumours. Bars are mean(s.e.m.) 


with hepatic LV10 and MC28 tumours. Bars are mean(s.e.m.) 


Table 2 Portal and splanchnic vascular resistance in rats with hepatic LV10 and MC28 tumours 
a Controls LV10 MC28 





Portal vascular resistance 
(mmHg ml~? min) 

Splanchnic vascular resistance 
(mmHg ml“? min) 


0-48 (0:33-0:92) 0-99 (0:38-1-83)* 0-95 (0:47-1:45 )}t 


7-00 (3-30-1180) 10-80 (6:36-20-0)t 7:15 (5:22-9-90) 


Values are median (range). *P = 0-011; tP = 0-024 (versus controls, Mann-Whitney U test) 
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Table3 Arteriosystemic and portosystemic shunting in rats with hepatic 
LVIO and MC28 tumours 








Controls LV10 MC28 
Arteriosystemic shunting 10 (3-14) 3 (0-12) 13 (1-13) 
(units) 
Portosystemic shunting 10 (0-12) 9 (0-16) 13 (4-15) 


(units) 





Values are median (range) 


shunting between rats with hepatic LV10 or MC28 tumours 
and control animals (Table 3). 


Mean hepatic replacement 


The mean hepatic replacement by weight was 54 per cent for 
LV10 and 17 per cent for MC28 tumours. 


Discussion 

Previous studies! with hepatic tumour derived from the 
intraportal inoculation of HSN sarcoma have demonstrated 
that a reduction in portal venous inflow is the principal cause 
of the increase in HPI. These studies suggest that neither 
intrahepatic portal venous obstruction nor arteriosystemic 
shunting is the cause of these changes in animals with hepatic 
tumour derived from intraportal inoculation of HSN sarcoma 
cells, but that circulating splanchnic vasoconstrictors may be 
responsible for the rise in portal and splanchnic vascular 
resistance. 

The data in the present study support this hypothesis, since 
the HPI was raised and portal venous inflow decreased in the 
presence of overt hepatic LV10 tumour. Furthermore, the 
increases in portal and splanchnic vascular resistance in the 
presence of LV10 tumour were similar to those previously 
reported with the HSN tumour. However, the HPI was not 
significantly increased when overt MC28 tumour was present 
in the liver, despite a similar degree of hepatic replacement by 
tumour. In this model portal venous inflow was not decreased 
and there was no significant rise in splanchnic vascular 
resistance. If portal venous obstruction were the cause of the 
changes in HPI then similar changes would be expected in the 
presence of overt hepatic MC28 tumour. This clearly does not 
occur. 

Since hepatic blood flow is not apparently altered in the 
presence of MC28 tumour, these observations imply that 
production of any putative splanchnic vasoconstrictor may be 
limited to certain types of tumour. Identification of the 
vasoconstrictor responsible for the changes in liver blood flow 
in the presence of human colorectal liver metastases may allow 


easier identification of such secondaries. Furthermore, since 
these liver blood flow abnormalities are known to occur at the 
micrometastatic phase of hepatic tumour development’, before 
tumours are radiologically detectable, this may allow an 
alternative means of diagnosing patients at subsequent risk of 
developing colorectal liver metastases. 

Some difficulties with dynamic hepatic scintigraphy in 
patients have been reported®, but the authors have recently 
improved the reproducibility and reliability of the technique in 
humans by using a radiolabelled colloid with a high 
administered activity? that appears to give clinically useful 
results. Clearly, further studies are needed both in patients and 
animal models to identify the precise nature of the splanchnic 
vasoconstrictor response. 
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Oral calcium inhibits rectal 
epithelial proliferation in familial 
adenomatous polyposis 


Calcium reduces colorectal cell turnover and might therefore protect 
against neoplasia. The inhibitory effects of dietary calcium were tested 
in a double-blind controlled trial in patients with familial adenomatous 
polyposis who had undergone previous abdominal colectomy and 
ileorectal anastomosis. Patients received supplemental calcium 
carbonate (1500 mg/day) or placebo tablets for 6 months; sigmoid- 
oscopy was performed before and after treatment. Rectal biopsies were 
maintained in short-term organ culture, and crypt cell production rate 
(CCPR) was measured stathmokinetically. A total of 25 patients 
completed the trial; polyp counts were obtained before and after 
treatment in all and CCPR values in 16. Calcium treatment reduced 
the mean(s.e.m.) CCPR from 4-72(0-48) to 2:42(0-48) cells per crypt 
per h (P < 0-05), while values for placebo were unchanged (5-46(1-21) 
versus 5:08(1-17) cells per crypt per h). Calcium had no demonstrable 
effect on the number, size or distribution of rectal polyps. The ability 
of oral calcium supplementation to suppress rectal epithelial 
proliferation supports its potential to prevent development of colorectal 
carcinoma in high-risk individuals. 


Clinical and experimental evidence supports the hypothesis that 
epithelial hyperplasia ts crucial in the development of colorectal 
neoplasia'~>. Patients with familial adenomatous polyposis 
(FAP) show an expansion in the proliferative zone of colonic 
crypts*; in those with sporadic adenoma or at risk of familial 
colorectal cancer there is a raised tritiated thymidine labelling 
index. Kinetic parameters are increased throughout the colon 
in patients with colorectal adenoma and carcinoma compared 
with normal subjects®. 

Calcium may reduce colorectal epithelial proliferation and 
protect against large bowel cancer. The ability of jejunoileal 
bypass to accelerate crypt cell production rate (CCPR)’ and 
enhance experimental colorectal carcinogenesis is negated by 
doubling the daily oral calcium intake®. Evidence in humans 
suggests that calcium intake > 1500 mg/day is associated with 
a reduced incidence of colonic cancer*®. In the UK, 
500-600 mg/day calcium is considered sufficient for normal 
health!® whereas in the USA 800-1000 mg/day is recom- 
mended!', The western diet may be deficient in calcium, 
therefore calcium supplements could dampen epithelial 
proliferation and protect against colorectal cancer. 

The effect of oral calcium supplementation was studied in 
patients at high risk of colorectal cancer by conducting a 
double-blind controlled trial in patients with FAP. Response 
was assessed by monitoring adenomatous polyp progression 
and rectal epithelial proliferation, using the stathmokinetic 
technique of metaphase arrest in organ culture!*+!. 


Patients and methods 


Patients 


Between January 1990 and June 1991, 28 patients with FAP were 
recruited into the trial. The median age was 38 (range 16-65) years; 
there were 19 male and nine female patients. All had previously 
undergone total abdominal colectomy with ileorectal anastomosis and 
were under continued surveillance. At the time of entry into the trial, 
the mean period since colectomy and ileorectal anastomosis was 12 
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(median 12-5, range 2-30) years. Exclusion criteria included a past 
history of hypercaicaemia, renal failure or peptic ulceration. Patients 
were randomized in a double-blind fashion to receive either 
1500 mg/day calcium carbonate or an inert placebo (Dalgety Pilsbury, 
Birmingham, UK) for a 6-month period. During this time they were 
instructed not to alter their normal diet, and compliance was assessed 
by a simple questionnaire and by examining returned medication 
containers. 

Entry into the trial did not affect management of rectal polyps, 
which were simply observed unless they became large. None of the 
patients recruited was admitted for fulguration during the trial period. 
Fully informed written consent was obtained from all subjects, and 
local and regional ethical committee approval was granted before the 
trial began. 


Procedure 

A full medical history with special reference to gastrointestinal 
symptoms and medications was obtained from each patient at the start 
of the trial. Abdominal and recta] examination and rigid sigmoidoscopy 
were performed at each visit to the clinic. At sigmoidoscopy the position 
of the ileorectal anastomosis was visualized and the site, size and 
number of polyps in rectal quadrants were recorded. 

Two adjacent biopsies were taken from macroscopically normal 
rectal mucosa. The first was transported in culture medium cooled on 
ice to allow determination of CCPR by an in vitro organ culture method. 
The second was fixed in formalin then stained with haematoxylin and 
eosin for routine histological examination to exclude the presence of 
microadenomas. Blood samples were taken to determine serum levels 
of calcium, phosphate and vitamin D metabolites. 


Crypt cell production rate 


The rectal CCPR was measured using an in vitro organ culture 
technique as previously described'*:'*. Briefly, rectal biopsies were 
divided into small explants and set up in organ culture. After 15 h of 
culture, 0-6 ug/ml vincristine (Oncovin; Eli Lilly, Basingstoke, UK) 
was added to the culture medium and explants were removed 1, 2 and 
3h later. The tissue was then stained by the Feulgen reaction and 
individual crypts were isolated by microdissection'*. The mean number 
of metaphase arrest figures per crypt was plotted against the time from 
addition of vincristine; the slope of this line (determined by least squares 
linear regression analysis) gave a value for the CCPR‘*-'4 in cells per 
crypt per hour. 
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Serum profiles 

To determine vitamin D metabolite levels in the blood, the protein was 
removed from the serum by precipitation with acetonitrile and the lipid 
fraction was purified on silica minicolumns (Set-Pak; Waters 
Chromatography, Milford, Massachusetts, USA). Metabolites were 
further purified by straight-phase high-pressure liquid chromatography 
(Zorbax-sil-HPLC; Du Pont, Wilmington, Delaware, USA) and eluted 
with 96 per cent hexane, 2 per cent methanol and 2 per cent isopropyl 
alcohol. Levels of 25OHD, were measured using a competitive protein 
binding assay with diluted rat serum and those of 1,25(OH),D, using 
radioimmunoassay with a specific polyclonal antibody. Calcium, 
albumin and phosphate levels and liver function were measured by 
routine laboratory analysis. 


Statistical analysis 

CCPR values before and after treatment were compared using Student’s 
paired t test within treatment groups and the Mann-Whitney U test 
between groups. Polyp counts were assessed using analysis of variance 
(ANOVA) and the Mann-Whitney U test. Serum electrolyte and 
vitamin D metabolites were compared using the Spearman correlation. 


Results 


A total of 25 patients completed the trial; three failed to take 
the tablets regularly and were excluded. Polyp counts before 
and after treatment were obtained in all 25 patients, and initial 
rectal CCPR values were measured in 22, one later being 
excluded because of the finding of microadenomas on 
histological examination. Paired CCPR values before and after 
treatment were obtained in 16 patients (nine placebo and seven 
calcium). The tablets were well tolerated in all subjects, with 
no reported adverse side-effects. 


Crypt cell production rate 

There was considerable variation in the 21 pretreatment CCPR 
values, with a mean(s.e.m.) of 5-96(0-88) (range 1-14—19-80) 
cells per crypt per h. The placebo had no significant effect on 
mean(s.e.m.) CCPR, 5-46(1-21 ) versus 5-08(1-17) cells per crypt 
per h before and after treatment respectively (Figure la). 
Calcium, however, reduced mean(s.e.m.) CCPR by 49 per cent, 
from 4-72(0-48) to 2-42(0-48) cells per crypt per h (P < 0-05) 
(Figure 1b). 


Polyp counts 


The number of rectal polyps varied widely, from absence to 
almost complete confluence. Oral supplementation with 
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Figure 1 Effect of treatment with a placebo (n = 9) or b calcium 
carbonate (n = 7) on rectal crypt cell production rate (CCPR). *P not 
significant; tP < 0-05 (Student's paired t test) 
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Table 1 Effect of calcium carbonate or placebo on number of rectal 
polyps 


Before treatment After treatment 








Mean(s.e.m.) Range Mean(s.e.m.) Range 

Placebo 17-15(5-85)* 2-78 28-09(9-32) 0-100 

Calcium 16-82(7-68)* 0-68 24-68(10-96) 0-100 
carbonate 


*P not significant (before versus after treatment, and between 
treatments ) 


Table 2 Serum levels of vitamin D metabolites 6 months after treatment 
with calcium carbonate or placebo 





Placebo Calcium carbonate 

(n=8) (n=5) 
1,25(OH),D, (pg/ml)* 159-21(63-75)  77-40(13-18)t 
25OHD, (ng/ml)t 69-37(28-35)  28-00(10-31) 


Values are mean(s.e.m.). Normal range: *20—65 pg/ml; ¢3—40 ng/ml. 
tP < 0-05 (Spearman correlation test) 


calcium had no significant effect on polyp number, progression 
or distribution (Table 1). The increase in polyp count in 
patients receiving calcium did not differ significantly from that 
in the placebo group (47 versus 64 per cent). 


Serum calcium and vitamin D 


Patients receiving placebo had levels of 1,25(OH),D, raised 
well above the normal range and significantly higher than those 
in patients given calcium supplements. The value of 250HD, 
was above the normal range (3—40 ng/ml), but the difference 
between the two groups was not statistically significant 
(Table 2). é 

Serum levels of calcium, phosphate, albumin, bilirubin and 
liver enzymes were within normal limits in each group. 


Discussion 

The results of this trial suggest that oral supplementation with 
calcium carbonate inhibits rectal epithelial proliferation in 
patients with FAP but has no clear effect on the number of 
rectal polyps. In a previous uncontrolled trial, calcium 
supplements in ten subjects at high risk of colorectal cancer 
reduced the tritiated thymidine labelling index to a value similar 
to that of individuals in a low-risk group*. Further studies have 
suggested that this effect is seen only in patients whose initial 
labelling index is higher than normal!® 17. In five of seven 
patients with FAP, labelling returned to normal with oral 
calcium carbonate (1:3—1-5 g/day), and im vitro exposure to 
calcium reduced the labelling indices in three of four patients'’. 
Buset et al. found that cells cultured from established adenomas 
did not respond to in vitro calcium and neither did those from 
adenocarcinomas!*®. The present data show that polyp counts 
are not reduced by calcium, and epithelial cells probably do 
not respond to the regulatory effects of calcium once 
adenomatous change has occurred. The presence of micro- 
adenomas has been noted on histological examination in 
patients with FAP?®, and failure to show a reduction in polyp 
count might reflect continued growth of these early neoplastic 
lesions. 

The present study shows that calcium suppresses the rate 
of rectal epithelial proliferation in patients with FAP. Similar 
findings were recently reported in patients with villous 
adenoma?®. The results differ from those of a study of patients 
with previous colorectal cancers but normal labelling indices, 
in which calcium had no effect on proliferative activity?'. Six 
of seven of the present patients responded to calcium, although 
initial CCPR values (despite a wide scatter) were similar to 
those previously reported in control subjects'?-??. The variation 
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in the initial CCPR values may be a true reflection of diverse 
epithelial proliferation, although multiple biopsies from the 
same patient would be required to determine the reproducibility 
of the technique. 

Calcium may exert its antitropic effect on colorectal mucosa 
by binding to free bile acids and fatty acids that would otherwise 
stimulate cell damage and regeneration?*-*5. Newmark et al.?® 
postulated that the dietary intake of calcium required to form 
non-toxic salts of fatty acids and bile acids would need to be 
doubled from a typical value of 930 mg/day to 1-5-2-0 g/day. 
Calcium may act in a more complex way, as illustrated by a 
study in 12 healthy volunteers’, in which calcium supplements 
increased faecal excretion of bile acids and phosphate and 
reduced the dihydroxy bile acid concentration in duodenal bile. 
These data imply that calcium binds to phosphate in the small 
intestine and this calcium phosphate complex binds luminal 
bile acids. Levels of phosphate must also be adequate to allow 
calcium to exert a protective effect against hyperproliferation. 
In view of this effect of calcium on duodenal bile, the observed 
reduction of rectal CCPR could have implications for the 
control of duodenal polyposis, which has been linked to the 
distribution of bile acids in the upper gastrointestinal tract?®. 
Duodenal cancer is responsible for some deaths in patients with 
FAP?9-3!, Further work is required to determine whether a 


reduction in duodenal CCPR will have an effect .on polyp 


formation. 

As well as its indirect effect, calcium directly inhibits CCPR 
in rat and human colon maintained in organ culture!®-3?. 
Recent work suggests that vitamin D metabolites reduce in vitro 
human rectal CCPR??, perhaps by a receptor-mediated or a 
non-genomic effect related to cellular calcium ion flux. Because 
the patients who received placebo showed vitamin D metabolite 
levels above the normal range, they may have had intracellular 
calcium depletion. 

Accelerated mucosal proliferation predisposes towards 
malignancy, so dietary assessment and possible supplement- 
ation with calcium could protect against intestinal carcinoma 
in FAP. 
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Inthe absence of symptoms of the carcinoid syndrome, tumours 
of the appendix are never suspected clinically. It has frequently 
been stated that carcinoid tumours of the appendix are rare in 
children'~*, although they are the most frequently found 
neoplasms of the gastrointestinal tract in childhood and 
adolescence*. They are usually regarded as benign, but it is 
accepted that they have a potential for malignancy and can 
metastasize!-*->. Surgery alone is the usual method of treatment, 
although opinion has varied as to when right hemicolectomy 
is necessary*. 

The last British study! of childhood carcinoid tumours was 
reported in 1964 and was based on only 15 children from the 
Scottish Paediatric Tumour Registry. Some subsequent 
reports*:>-° have been confined to patients seen at single centres 
in the USA and Europe. There are three national European 
studies™™8, but only three reports™®® have considered the 
paediatric age group of patients <15 years of age. 

The West Midlands Health Authority region is the largest 
in England and Wales, with a childhood population? in 1981 
of 1-12 million. In a larger study of epithelial tumours diagnosed 
in children aged <15 years in this region’® there were 40 
carcinoid tumours of the appendix in a 30-year period. It was 
felt that this large series merited separate investigation to assess 
any changes in incidence or clinical features and outcome since 
the last British report in 1964, and to allow comparison with 
data from the other populations. 


Patients and methods 


A series of children under the age of 15 years with carcinoid tumours 
of the appendix presenting over a 30-year period was studied, as part 
of the data collection by the West Midlands Regional Children’s 
Tumour Research Group (Directors: Drs J. R. Mann, M. C. G. Stevens 
and F. Raafat, and Professor R. K. Griffiths). This group holds data 
on all cases of childhood cancer that have occurred in the region since 
1957, based on the records of the Birmingham and West Midlands 
Regional Cancer Registry (ascertainment estimated at 95 per cent!) 
supplemented by those of the Children’s Cancer Research Group, 
Oxford, and the oncology and histopathology departments of the 
Children’s Hospital, Birmingham. Review of pathology by specialist 
paediatric pathologists is carried out on all cases registered to ensure 
accuracy of the data!?, 

Carcinoid tumours were included in a larger study’® of epithelial 
neoplasms diagnosed in children in all hospitals throughout the West 
Midiands between 1957 and 1986. Clinical notes were reviewed for all 
patients where available (n = 28) and follow-up details requested from 
general practitioners because all patients had been discharged from 
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Forty carcinoid tumours of the appendix were identified in children 
under 15 years of age between 1957 and 1986 from the records of the 
West Midlands Regional Children’s Tumour Research Group. A 
significant excess of girls was observed (P = 0:02). All tumours were 
discovered incidentally and two patients underwent further surgery. 
Twenty-two of the 29 confirmed locations (76 per cent) were at the tip 
of the appendix and 34 of the 40 tumours (85 per cent) had invaded 
beyond the appendiceal submucosa. The reported incidence rate of 1-14 
per million children per year remained constant throughout the study 
period. No recurrences, metastases or deaths from tumour were detected. 
Appendicectomy alone is confirmed as usually curative, although right 
hemicolectomy is occasionally necessary. Caution during routine 

- appendicectomy is recommended to avoid possible tumour damage, as 
is consistent histological examination of all appendices in the paediatric 
age group. The importance of long-term follow-up is emphasized. 


clinical follow-up. In nine cases the patient’s current general practitioner 
could not be traced and the absence of a death certificate was therefore 
taken to be evidence that he or she was still alive at the time of the 
study. All cases of childhood cancer are ‘flagged’ by the National Health 
Service Central Register at Southport and a copy of any death certificate 
for these patients sent to the appropriate regional cancer registry, 
regardless of the place or cause of death. As no such certificate had 
been received for present ‘lost’ patients, they were assumed to be alive. 

Pathological material was reviewed by a panel of three specialist 
paediatric pathologists in 36 cases. In four cases where original material 
could not be obtained, the recorded clinical and pathological features 
of the presentation and outcome were studied by the senior pathologist, 
who confirmed the consistency of the diagnosis. 

Incidence rates were calculated using the 1961 census population 
figure for the decade 1957—1966, 1971 figures for 1967-1976 and 1981 
figures for 1977-1986. Assessment of male:female rates was carried out 
using the binomial test*?. 


Results 


Carcinoid tumours were found to be the most common of the 
136 epithelial neoplasms studied in the larger series!°, with 44 
cases diagnosed, 40 of which were located in the appendix. The 
other four carcinoids were in the bronchus (three) and terminal 
ileum (one). Incidence rates per million children per year by 
decade of appendiceal carcinoids were 1-42 for 1957-1966, 1-01 
for 1967-1976 and 1-00 for 1977-1986 (Table 1). Distribution 
by age and sex is shown in Figure 1. 

Appendicectomy rates were not available for 1957-1970, 
but in the latter half of the study period 24 725 appendicectomies 
were carried out in children aged <15 years in the West 
Midlands (13967 in boys, 10758 in girls). Twenty-one 
carcinoids were found, giving an overall detection rate of 
0-08 per cent. The number of operations carried out declined 
from > 2600 in 1971 to just over 1600 in 1986. The male:female 
ratio for patients undergoing appendicectomy was 1:3:1, but 


Table 1 Incidence of appendiceal carcinoid in children by decade 


Decade Boys Girls Total 





1957-1966 5 (31) 11 (69) 16 
1967-1976 4 (31) 9 (69) 13 
1977-1986 3 (27) 8 (73) u 
Total 12 (30) 28 (70) 40 


Values in parentheses are percentages 
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Figure1 Carcinoid tumours of the appendix in girls (Q) and boys (™) 


the incidence rate of tumours found was 0-03 for boys and 0-11 
for girls, showing an excess of the latter (P = 0-02). There were 
28 girls and 12 boys (sex ratio 2-3:1) in the 40 cases of carcinoid 
tumour studied. 

The overall median age was 12:3 (range 7-14) years 
(Figure 1). There was no significant difference between the 
median age of boys (14 years) and girls (12 years). Presenting 
symptoms were consistent, with all 40 patients having signs of 
acute appendicitis. All underwent appendicectomy, although 
the duration of symptoms varied considerably, from 6h to 3 
years. There was no case of the carcinoid syndrome of flushing, 
diarrhoea and cardiac irregularities that is usually associated 
with malignant tumours, especially in the presence of 
metastases. Vomiting was reported to be present in only 14 
children and peritonitis secondary to perforation of the 
appendix was found in five at the time of surgery. Four patients 
had experienced similar acute episodes previously, two needing 
hospital admission. Two other children had had an appendiceal 
abscess drained 2 and 6 months before surgery. 

Thirty-eight children underwent appendicectomy alone. 
Four tumours were noticed by the surgeon at appendicectomy 
and in 25 cases the organ was described as normal. No comment 
was made in the other 11. Of the 36 tumours discovered by 
the pathologist, only 16 were evident macroscopically. One 
child underwent re-resection and -excision of the caecum and 
terminal ileum as the original tumour had been cut through at 
the first operation, a fact that was not noticed until laboratory 
examination. One tumour discovered on microscopic examin- 
ation had invaded the whole length of the appendix, which was 
described as gangrenous, and the patient underwent right 
hemicolectomy 2 months after initial surgery. 

The location of the tumour within the appendix was known 
in 29 cases; 22 lesions (76 per cent) were found at the tip, with 
only two at the proximal end. Two tumours were located at 
the mid-point of the appendix, two were ‘eccentric’ and one 
involved the whole length of the organ. The size of the tumour 
was not always quoted by the original pathologist; of the 15 
for which data were available, only three were >1cm in 
diameter, none being >2 cm. One of these tumours was at the 
mid-point, the other two at the tip. 

Only six tumours (15 per cent) were confined to the 
appendiceal submucosa. Twenty-seven had invaded as far as 
the subserosa at the time of diagnosis and seven had reached 
the mesoappendix or appendiceal fat. Threadworms were found 
in the lumen of the appendix in four children. The pathologists 
also noted that there were two cases of gangrenous appendix. 

There was unanimous agreement between the three 
pathologists on all 36 specimens reviewed. The other four cases 
were accepted on the basis of the recorded clinical and 
pathological features. Three tumours were reported by the 
reviewing pathologists as showing ‘aggressive’ features; one of 
these was in the boy whose tumour involved the whole length 
of the (gangrenous) appendix and who later underwent right 
hemicolectomy. Another was found in a girl who underwent a 
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laparotomy at which pelvic peritonitis was discovered. There 
were no distinguishing features in the third case. 

There were no deaths as a result of the tumours and no 
reports of recurrence or metastatic spread. Follow-up to the 
present was obtained for 31 of the 40 patients and ranged from 
8 to 33 (median 18) years; 20 patients have been followed, and 
remain disease-free, for > 15 years. Nine patients could not be 
traced, although five of these had already been followed for 
between 10 and 15 years. One patient had died, a boy diagnosed 
at the age of 14 years whose tumour was successfully removed 
and who survived for 12 years free from disease. Death was the 
result of diabetes mellitus that had never been properly 
controlled. 


Discussion 

Willox' stated in his British study of 1964 that, in any large 
series of surgically removed appendices, 0-2—0-5 per cent would 
contain carcinoids. Moertel et al.* in 1968 quoted a range of 
0-03-0-7 per cent from a survey of the literature and in a 
subsequent study in the USA® in 1987 found an incidence of 
0:3 per cent among patients undergoing appendicectomy. The 
incidence in the present study of 0-08 per cent in children in 
the West Midlands appears to be lower than rates reported 
previously, probably because other series included patients of 
all age groups. Any study that includes adults is likely to show 
a higher incidence rate because appendiceal carcinoids are 
usually found incidentally and a large number of gynaecological 
operations are performed in middle-aged women. The present 
figure therefore represents the most reliable estimate of 
incidence in childhood. 

Both the observed incidence and age—sex distributions in 
the present study are relatively constant over the three decades 
when standardized to the appropriate paediatric populations. 
It is interesting to observe that the incidence is highest in the 
first decade, when the appendicectomy rate itself might have 
been higher, based on the data for the subsequent periods, but 
the numbers are small and statistical assessment impossible. 
However, because the vast majority of appendiceal carcinoids 
do not cause specific symptoms, except in the presence of the 
carcinoid syndrome, but are discovered incidentally during 
examination of appendices removed at routine appendicectomy, 
the incidence rate of the tumour will be influenced by the 
prevailing appendicectomy and histological examination rates, 
both of which may have varied over the 30 years of the study 
period. Appendicectomy rates in the West Midlands have 
declined gradually, probably influenced by the advent of new 
diagnostic procedures such as ultrasonography and laparoscopy 
that have had the effect of reducing the negative appendicectomy 


‘rate. The proportion of appendices sent for histological analysis 


may also have fluctuated with prevailing fashion or local 
practice, although it is suggested that histological examination 
should always be carried out in the paediatric age group. As 
it is not possible to determine the magnitude of such factors 
reliably, it is not possible to be certain that the actual incidence 
of appendiceal carcinoids has remained unchanged. However, 
the present data do represent the best available estimates, as 
ascertainment with this method of case identification is high. 

Population-based incidence rates for carcinoid of the 
appendix are not generally available for the UK as most 
registries, including the other specialist paediatric registries in 
Manchester, Newcastle and Oxford, exclude these tumours 
because of their usually benign nature. However, the present 
authors have chosen to include them as they have the potential 
for malignancy. The present series is believed to give an accurate 
estimate of the incidence rate in the West Midlands. This region 
contains one-tenth of the childhood population of the country 
as a whole, so the rate is likely to be representative nationally. 

It has been suggested that the female preponderance of 
carcinoid tumours of the appendix results from the fact that 
these tumours are found incidentally at other, usually 
gynaecological, operations®. While this may be true in adults, 


Carcinoid tumours of the appendix: S. E. Parkes et al. 


the girls in the present series were not of an age to undergo 
such procedures, many not having reached the age of menarche. 
The significant excess of girls (P = 0-02) is in accord with results 
of other paediatric studies?:3:*. The male:female ratio of 1:3:1 
for appendicectomies carried out during the period shows that 
the excess cannot be accounted for by larger numbers of girls 
undergoing this operation. 

Carcinoid tumours are rare in the young, although this study 
identified six children under the age of 10 years, all girls 
(Figure 1). Willox! found one child aged 5 years with the 
tumour and Gorbon and Taspinar'* in their Turkish study 
reported a patient 3 years old, the earliest age at which carcinoid 
has been diagnosed. This was surprising as Stowens'> was 
unable to demonstrate argentaffin cells, from which these 
tumours are believed to arise, in the intestinal tract of children 
before the age of 4 years. In 1977 Lundqvist and Wilander!® 
suggested that appendiceal carcinoids most probably arise from 
subepithelial argentaffin cells. 

All the children in this series presented with symptoms of 
acute appendicitis, although vomiting was reported to be 
present in only 14 and nausea without vomiting in two others. 
Despite the variation in the duration of symptoms there was 
no suspicion in any child of anything other than appendicitis. 

Simple appendicectomy alone was sufficient treatment for 
all the children with tumours located at the tip of the appendix 
(22 of 29 known cases), the most common site?. Reoperation 
and excision of the caecum and terminal ileum was necessary 
for one of the two. children with a tumour at the base, as the 
lesion had been cut through at the first operation. It was felt 
that further resection was advisable in case of possible 
metastatic deposits, but no further evidence of tumour was 
found. The carcinoid was described by the reviewing 
pathologists as ‘aggressive’. This experience implies a need for 
caution in all appendicectomies, as the presence of a tumour 
is always a possibility, albeit very rare, and underlines the 
continuing need for histological examination of all appendices 
removed from children. Visualization of the appendix at 
operation is not always sufficient, as demonstrated by the 
tumour that invaded the whole appendix and yet was found 
only on histological examination. Right hemicolectomy has 
been recommended for all tumours > 2 cm in diameter’, as this 
is felt to be an adverse prognostic factor. None of the tumours 
in the present paediatric series was recorded as being >2 cm. 

The presence of high levels of 5-hydroxytryptamine (5-HT) 
in the urine in malignant carcinoid syndrome and in association 
with metastases from carcinoid tumours has been documented! 
In the present series, confirmation was found in the case notes 
that seven children were tested for 5-HT after surgery and that 
the histopathologist recommended this investigation in another 


three. All who were tested were negative. As metastases are. 


extremely rare, it seems appropriate to measure urinary 5-HT 
content only in children whose tumours are large or deemed 
aggressive by the histopathologist. 

Despite the fact that threadworms were found in the lumen 
of four appendices (10 per cent), little or no pathological 
significance can be attached to this. Budd and Armstrong!” in 
a study of appendices removed over a 5-year period found 
threadworms in 2:5 per cent of cases, while Williams and 
Dixon? found them in 1:5 per cent over a 21-year period. In 
neither study was the age of the patients specified. Although 
the incidence in the present series is much greater than these, 
and twice that of the 5 per cent quoted for inflamed or otherwise 
normal appendices in children’®, the actual numbers involved 
are too small to allow valid comparisons. 

The degree of invasion of tumours would seem to have no 
bearing on outcome in children, as there were no metastases 
or recurrences even though 34 tumours (85 per cent) invaded 
structures beyond the appendiceal submucosa. Moertel et al.5 
suggested in their study of adult and paediatric patients that 
right hemicolectomy should be carried out where the tumour 
has invaded the mesoappendix but, in a later evaluation of 
patients who were under the age of 20 years, recommended 
that simple appendicectomy was sufficient®. The mesoappendix 
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was involved in seven of the present cases, but additional 
surgery was not performed and the outcome shows that this 
would have been unnecessary. 

Because late recurrence and second malignancies have been 
reported*® in patients with appendiceal carcinoids, long-term 
follow-up data are important. Moertel et al.* reported that only 
primary tumours >2cm in diameter had been found to 
metastasize. None of the present nine ‘lost’ cases had tumours 
>2cm, so it seems unlikely that disease in any would have 
recurred, As no deaths from tumour or recurrence in this large 
series of paediatric patients were found, and as 20 children had 
been followed for between 15 and 33 years, it is concluded that 
appendicectomy alone is sufficient treatment for the great 
majority of children, even in the presence of local invasion by 
the tumour. 
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Treatment of perforated sigmoid 
diverticulitis: a prospective 
randomized trial 


A prospective randomized trial was carried out on 62 patients with 
diffuse peritonitis from perforated diverticulitis of the left colon, 
comparing acute transverse colostomy, suture and omental covering of 
a visible perforation with acute resection without primary anastomosis. 
For purulent peritonitis the postoperative mortality rate was significantly 
higher after acute resection (six of 25) than after colostomy (none of 
21). In those treated by acute resection, the mortality rate was not 
significantly higher after Hartmann’s procedure (five of 15) than after 
exteriorization of both lumens (one of ten). The postoperative mortality 
rate in patients with faecal peritonitis did not differ significantly between 
colostomy (six of ten) and acute resection (two of six). Stomas became 
permanent in four of 25 patients with diverticulitis surviving acute 
colostomy and in seven of 22 surviving acute resection. Suture and 
transverse colostomy is superior to resection for purulent peritonitis 
because of the lower postoperative mortality rate and in spite of the 
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Immediate resection of the sigmoid colon for perforated 
diverticulitis with diffuse, purulent or faecal peritonitis has been 
recommended!?, with or without primary anastomosis. These 
recommendations are not, however, based on prospective 
evidence. Retrospective studies suggest that the postoperative 
mortality rate may be higher after primary resection than after 
suture of the perforation with a covering transverse 
colostomy***. Selection bias can occur and no randomized trial 
has been published. 

This prospective randomized study was initiated in 1978 and 
was confined to one hospital. The study was designed to 
investigate differences in morbidity and operative mortality 
rates between the three-stage procedure (initial suture of the 
perforation and transverse colostomy) and acute resection 
without primary anastomosis. An interim report? was published 
in 1986. Because of low recruitment it was decided to stop the 
trial when 60 patients had been entered. 


Patients and methods 


The trial was carried out on 62 patients admitted between 1978 and 
1992 fulfilling the following four criteria: 


1. Diffuse peritonitis with macroscopic signs of diverticulitis of the 
left colon at laparotomy. 

2. Resection of the affected segment possible. 

3. Suture of visible colonic perforation possible. 

4. No intestinal gangrene. 


Criteria for laparotomy were clinical signs of acute peritonitis, although 
perforated diverticulitis was suspected in no more than 60 per cent of 
patients before laparotomy. Most of the remainder were suspected of 
having perforated appendicitis. Faecal peritonitis, shock and advanced 
age were not criteria for exclusion. Eight patients were treated outside 
the protocol: six did not fulfil all four criteria but two were erroneously 
excluded. g 

Systemic prophylaxis with ampicillin and metronidazole was started 
when the diagnosis of peritonitis was made before operation or at 
laparotomy. Pus was cultured and treatment eventually changed 
according to results. The peritoneal cavity was irrigated with 
0:5 per cent chloramine and saline until pus or faeces was no longer 
apparent. Low-dose heparin was used throughout the study. 

Surgery was carried out by 27 consultants or senior registrars 
supervised by the author. When the abdomen had been opened and 
the criteria satisfied, randomization was carried out by random number 
to suture with colostomy or resection. Transverse colostomy was 
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shorter hospital stay in those surviving acute resection. 


Table 1 Patient details 








Suture and 
colostomy Acute resection 
Sex ratio (M:F) 17:14 10:21 (6:13)* 
Age (years) 
Median (range) 71 (37-88) 73 (37-89) 
Interquartile range 57-75 58-81 
Peritonitist 
Faecal 10 (6) 6 (2) 
Purulent 21 (0) 25 (6) 
Visible colonic perforation 24 26 





* Values in parentheses are numbers undergoing Hartmann’s operation. 
{Values in parentheses are postoperative deaths 


carried out with suture of visible perforation and coverage with an 
omental flap. After recovery a double-contrast barium enema was 
administered 4—6 weeks later; elective resection of the inflamed segment 
followed. The colostomy was closed 2-3 months later when barium 
enema or colonoscopy had demonstrated an intact anastomosis. 

Immediate resection of the inflamed segment was carried out with 
proximal end colostomy. The distal bowel was placed in the lower part 
of the main left paramedian incision as a mucus fistula. If the 
rectosigmoid stump was too short it was closed intraperitoneally by 
Hartmann’s procedure. Elective anastomosis was performed 2-3 
months later. . 

All patients were followed 6 and 12 months after acute surgery 
and barium enema or colonoscopy performed if colonic symptoms were 
present. 

Statistical methods used were the Mann-Whitney U test and 
Fisher’s exact test. ` 


Results 


Details of the 62 patients are shown in Table 1. A median of 5 
(range 3—7) were included each year. Distribution according 
to age (P = 0-66) and other severe disease was similar in the 
groups; most of the complicating diseases were cardiopulmonary. 

The proportions of faecal or purulent peritonitis did not 
differ but postoperative deaths, defined as those within 30 days 
or during the hospital admission for acute surgery, were more 
frequent in patients undergoing resection for purulent 
peritonitis (P = 0-024). In patients with purulent peritonitis, 
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Table 2 Complications and deaths after acute surgery 


nr tt 














Suture and Acute 

colostomy resection 
Cardiopulmonary complications 14 13 
_Thromboembolism 5 3 
Mental confusion 4 4 
Wound dehiscence 3 3 
Wound infection without dehiscence 4 2 
Intraperitoneal abscess 5 4 
Dynamic ileus 0 2 
Colocutaneous fistula 2 1 
Revision of colostomy 0 1 
Death within 30 days or during initial 6 8 

hospital stay 

Values are numbers of patients 
Table 3 Final diagnoses 

Suture and Acute 

colostomy resection 
Perforated diverticulitis alone 28 (4) 28 (7) 
Colonic cancer and perforated diverticulitis 1 (1) 2 (1) 
Perforated colonic cancer 1 (1) 0 
Colonic infarction 0 1 (0) 
Awaiting elective resection 1 (0) 
Total 31 (6) 31 (8) 





Values in parentheses are postoperative deaths after acute surgery 


five of 15 died after Hartmann’s procedure and one of ten after 
resection with mucus fistula (P = 0-34). The total number of 
postoperative deaths after Hartmann’s operation (seven of 19) 
was not significantly higher than that after exteriorization of 
both intestinal lumens (one of 12) (P=0-10). Blood 
transfusions were given during 13 of 19 Hartmann procedures 
and in forming four of 12 mucus fistulas; the median duration 
of the two operations was 135 and 115 min respectively. 

_ Half of the 16 patients with faecal peritonitis died after 
operation (Table 1), no difference being found between the 
groups (P = 0-60). Autopsy was performed in ten of the 14 
patients dying after surgery. 

Complications and postoperative deaths after initial surgery 
occurred with similar frequency (Table 2). Some patients had 
more than one complication. The median (range) operating 
time for suture and colostomy was 105 (45-165) min and for 
acute resection 130 (75-215) min (P = 0-001). Transfusions 
were given to seven and 17 patients respectively (P = 0-01). 
The subgroup of patients with purulent peritonitis had a shorter 
time for colostomy (P =0:03) and less frequent use of 
transfusion (three versus 14 patients, P = 0-01). Surgical 
complications such as dynamic ileus, wound dehiscence and 
intra-abdominal abscess tended to be less frequent after. 
colostomy than resection for purulent peritonitis (three of 21 
versus seven of 25); the same was true for cardiopulmonary 
complications (six of 21 versus ten of 25). 

The diagnosis of perforated diverticulitis was correct in 59 
of the 62 patients (Table 3), as evaluated by elective surgery 
or autopsy. Three of the 59 had a cancer within the same colonic 
segment. One patient initially undergoing suture with 
colostomy awaits resection. 

Elective resection was carried out in 17 of the 25 surviving 
patients with diverticulitis receiving colostomy (Table 4). Four 
. of the remaining eight underwent closure of the colostomy 
without resection of the inflamed segment. Each had few 
diverticula and limited radiological signs of diverticulitis. 
Transverse colostomy was permanent in four patients. In three 
the risk was considered too high because of postoperative 
complications and other severe disease. 

Elective anastomosis was accomplished in 15 of the 22 


Table 4 Definitive procedures in patients with diverticulitis surviving 
acute surgery i 








Suture and Acute 
colostomy resection 
Elective resection 17 
Awaiting elective resection 1 
Closure of colostomy after elective 16 
resection 
Closure of colostomy without elective 4 
resection 
Permanent colostomy without elective 3 
resection 
Anastomosis after acute resection 15 
No anastomosis after acute resection 
Permanent colostomy 4 7 





Table § Time in hospital within the first year after acute surgery in 
patients with diverticulitis, excluding postoperative deaths but including 
complications and surgery for ventral hernia 








Suture and 

colostomy Acute resection 
No. of patients 24 22 
Median (range) time in 44 (15-105) 27 (12-54)* 


hospital (days) 


*P < 00001 (Mann-Whitney U test) 


patients with diverticulitis surviving acute resection (Table 4). 
Seven were of high risk with various complications and other 
severe disease; two died 3 and 4 months later from coronary 
occlusion. Elective surgery was followed by few complications, 
but wound infection developed in four cases after closure of 
the stoma. Ventral hernias developed within 1 year in five 
patients undergoing suture with colostomy and in one receiving 
acute resection. 

The overall time spent in hospital was longer after colostomy 
(Table 5) (P < 0-0001). The same was true comparing patients 
with purulent peritonitis separately (median 42 versus 26 days). 
One patient was excluded from Table 5, as he was already in 
hospital with chronic renal failure. 

Of the 46 patients with perforated diverticulitis surviving 
acute surgery, 42 have been followed for 1 year. One patient 
had severe recurrent symptoms after closure of a transverse 
colostomy without preceding resection. The remaining 41 had 
no or very mild symptoms. Four of the 46 patients have been 
followed for 6 months without symptoms of recurrence. 


Discussion 

Violation of the protocol occurred in only two patients and 
none with abscess was included. Little change in perioperative 
procedures occurred over the 14 years, making the study of 
some importance in spite of the small numbers. A total of 466 
patients had a clinical diagnosis of acute diverticulitis within 
the study period but had no signs of diffuse peritonitis or 
abscess. No more than 15 were subjected to what was 
demonstrated to be an unnecessary laparotomy because of 
septicaemia with no peritonitis or abscess. It cannot be proved ` 
that perforated diverticulitis has not occurred without clinical 
signs but this is probably a rare event. 

The larger proportion of women undergoing acute resection 
may produce a bias in favour of this procedure because of the 
easier dissection in the wide female pelvis. Age distributions 
were similar and there was no tendency towards more elderly 
patients undergoing lesser surgery. This was an important bias 
of earlier retrospective studies'°-® and may explain the higher 
mortality rate after colostomy. The present higher mortality 
rate after acute resection for purulent peritonitis may be 
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explained by the longer duration of surgery and the larger blood 
loss associated with a higher risk of postoperative complications. 

The subgroups with faecal peritonitis were too small for 
analysis, but these patients continue to have a poor prognosis. 

In spite of there being more patients with faecal peritonitis 
undergoing colostomy, the postoperative mortality rate was no 
higher than in those submitted to primary resection. This may 
arise from a shorter duration of surgery and less frequent use 
of transfusion. 

Many surgeons took part but diagnostic failures were few; 
no operation was carried out by registrars. 

Closure of the stoma without resection resulted in a high 
recurrence rate of diverticulitis? 1°. This may not occur in 
patients with purulent peritonitis treated with a high-fibre diet 
after closure**. It occurred in one of the present four patients. 
It is not known how often diverticulitis recurs when the sigmoid 
colon is permanently defunctioned. 

Acute resection for purulent peritonitis has the advantage 
of shorter hospital stay in those surviving surgery and there is 
probably a smaller risk of wound infection and ventral hernia. 
The postoperative mortality rate is, however, comparatively 
high, making suture and colostomy a better option. No more 
than one perforated cancer was misdiagnosed in 14 years; this 
need not support a general recommendation for acute resection. 

The 1-year follow-up confirmed the low recurrence rate after 
limited acute or elective resection'?. No recurrence was seen 
in the three patients with permanent colostomy without 
resection. 

The numbers presented are small but comparable to those 
in other large hospitals!?. This emphasizes the inadequacy of 
studies from a single hospital and demonstrates the need for 
multicentre trials. Because of an increasing number of 
proponents of primary anastomosis it is difficult to obtain 
informed consent for a randomized trial with alternatives of 
colostomy or no colostomy. This study suggests that controls 
should be those undergoing suture and transverse colostomy, 
especially if there is purulent peritonitis. The other arm of such 
a study would include acute resection with primary 
anastomosis. 

Suture and transverse colostomy remains the standard 
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Perforated sigmoid diverticulitis: O. Kronborg 


treatment in this department for patients with purulent 
peritonitis from perforated left-sided diverticulitis demonstrated 
at laparotomy. 
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Endosonography of the anal canal is a new technique’ that 
provides detailed images of sphincter defects? and anorectal 
sepsis, especially fistula in ano*. 

Interpretation depends on understanding the normal 
sonographic anatomy of the anal sphincters. This has been 
difficult to establish as initial attempts to correlate results 
of endosonography with anatomical dissection’ proved 
technically unsatisfactory and, despite considerable research, 
the gross anatomy of the anal sphincters remains controversial. 
Current views have been summarized by Dalley®. 

The purpose of this study was to define the sonographic 
anatomy of the anal canal musculature. Resected surgical and 
post-mortem specimens were used to compare sonographic 
images with macroscopic dissection. This was combined with 
histological verification of the different layers. In vivo surgical 
dissection during routine anorectal operations was correlated 
with simultaneous intraoperative endosonography. 


Patients and methods 


AB&K Medical (Bracknell, UK } type 1846 ultrasonographic scanner’ 
was used with a rectal probe (type 1850) fitted with a 7-MHz transducer 
(focal length 2-Scm, 1i-l-mm minimal beam width), rotated 
mechanically to give a 360° cross-sectional image. A hard sonolucent 
plastic cone of external diameter 1-7 cm covered the transducer and 
was filled with degassed water for acoustic coupling. 

Informed consent was obtained from relatives or patients for in 
vitro and in vivo examination. 


Studies of surgically resected and post-mortem specimens 


Eight abdominoperineal resection specimens (four from women, four 
from men; age range 46—87 years) and six fresh post-mortem specimens 
(three from women, three from men; age range 64-89 years) were 
examined. 

In vitro scanning was performed in a water-bath for acoustic 
coupling, using a modification of the technique described by Beynon 
et al.’. Four surgical and two post-mortem specimens were scanned 
after the anal canal had been opened posteriorly and mounted on to 
a jig. The jig was made from plastic, measuring 20 x 20cm, with a 
10 x 10-cm section cut out from one side, creating a U shaped former. 
The specimens were sutured to this via small holes drilled in the plastic. 
The prepared frame was clamped upright in a water-bath with a second 
clamp used to hold the ultrasonographic probe close to the specimen. 

The echogenic pattern produced by the different layers of the anal 
canal was determined by scanning after dissection and removal of each 
layer in sequence, starting with the mucosa and muscularis submucosae 
ani, the internal anal sphincter, the longitudinal muscle layer and then 
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in vivo anatomy 


The endosonographic anatomy of the anal sphincters was studied by in 
vivo and in vitro correlation with anatomical dissection. Fourteen fresh 
anorectal specimens (eight abdominoperineal resection, six post 
mortem) were scanned in a water-bath with sequential dissection and 
correlation with the ultrasonographic images. Accurate anatomical 
identification of the layers during dissection was confirmed histologically. 
Anal endosonography was performed during operation in 12 patients to 
validate the in vitro findings. The in vivo study confirmed the in vitro 
results. Basic endosonographic anatomy has been clarified and 
inaccuracies in the previous description of the longitudinal muscle and 
external anal sphincter corrected. 


the external anal sphincter. A biopsy of each layer was taken for 
histological confirmation. 

Three of the surgical specimens had been scanned in vivo before 
abdominoperineal resection. These and one post-mortem specimen 
were scanned in the water-bath without dividing the anal canal 
posteriorly. Transverse sections were taken at serial levels along the 
anal canal to compare histological appearances with corresponding 
sonographic images. 


Intraoperative studies 

Anal endosonography was performed in 12 patients (seven men, five 
women; age range 32—58 years) undergoing surgery for haemorrhoids 
(four patients), fissures (four), sphincter repair (three) and rectovaginal 
fistula repair (one). The entire probe was sterilized to allow handling 
during surgery without risk of contamination. 

After skin incision, the lower border of the external sphincter was 
identified and its lower lateral aspect within the ischioanal (ischio- 
rectal) fossa dissected proximally for a short distance. The probe was 
then inserted and a stable image of the canal obtained. A pair of flat 
scissors was placed on the lateral border of the external sphincter and 
the image recorded, using the acoustic reflection from the scissors for 
localization. The procedure was repeated for the medial aspect of the 
external sphincter and outer border of the internal sphincter. 

The thickness of individual muscle layers was not measured because 
there were too many variables in the nature of specimens and 
examination conditions to ensure consistency of muscle tone. 


Results 


Resected specimens 


The five dissected layers, the subepithelial tissues, internal 
sphincter, longitudinal muscle, external sphincter and ischioanal 
fat, were confirmed histologically. 

Sonographically bright reflections were seen from interfaces 
on either side of the plastic cone, creating a well defined 
hyperechoic double ring (Figure 1a). The sonographic patterns 
produced by the different anatomical layers in both the opened 
and intact specimens were as follows (Table 1; Figures 1-3), 
starting from the mucosa and working outwards: 


1. An inner hyperechoic layer that represented the mucosa 
and subepithelial tissues. 

2. Outside the subepithelial tissues there was a well defined 
uniform hypoechoic ring that corresponded to the internal 
sphincter. 

3. Surrounding the internal sphincter was a hyperechoic layer, 
thicker than the internal sphincter, and representing the 
longitudinal muscle and external sphincter. 

The in vitro specimens from women studied were from 
elderly -subjects. The longitudinal muscle was macro- 
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Figure 1 


a In vitro scanning in a water-bath of the opened anal canal 


ina man. Anterior is to the right of the image; Post, posterior. The bright 
double ring represents the probe cone (c). The internal sphincter has been 
removed, and the probe is closely applied to the longitudinal muscle 


(LONG MUSC), seen between closed arrows. In this patient 


the 


hyperechoic longitudinal muscle layer is clearly distinguishable from the 
relatively hypoechoic external sphincter (E), seen between open arrows 
Peripheral to the external sphincter is the fat layer. b Note the change 


in echogenicity when the specimen in a was rotated such that the external 


sphincter fibres lie parallel to the ultrasound beam. The external sphincter 


can no longer be distinguished from the longitudinal muscle layer 





Figure 2 


In vitro scan of the opened anal canal from an elderly woman 


Post, posterior; i, internal anal sphincter; E, external anal sphincter; S, 


muscularis submucosae ani 


The longitudinal muscle (LONG MUSC) is 


held elevated by a forceps (F) from the external sphincter muscle layer 
Note that both layers are of similar echogenicity, in contrast to the 


hypoechoic external sphincter in Figure la 
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scopically a rather thin fibrous layer closely adherent to 
the external sphincter (Figure 2) and on ultrasonography 
similarly hyperechoic. Removal of the longitudinal 
layer made no discernible difference to the echogeni 
the external sphincter layer 

In specimens from men, the longitudinal musci 
was thicker although of similar echogenicity 
sphincter however, 
longitudinal muscle, so that these two 
be distinguished 


During dissection of these specimens, many of the external 
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Figure 3 Cross-section through the mid anal canal in na i r 
(Ant) is to the right of the image. a Endosonogra na 
b Histological cross-section of the anal canal at mparabi I 
fatty layer has disintegrated during prepar mn he slide. E, I ri 
anal sphincter; L, longitudinal muscle nternal anal sphin S 
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Figure 4 = /mage during intraoperative scanning of a man, Anterior ( Ant) 
is to the right of the image. a The reflection (m) from the scissors placed 
on the inner aspect of the external sphincter shows that the hyperechoi 
longitudinal muscle (L) lies medially and the hypoechoic external 
sphincter ( E) laterally. b The scissors have now been placed on the outer 
border of the external sphincter. demarcating the external sphincter and 
fat interface. i, Internal sphincter 


sphincter muscle fibres were observed to run obliquely, a 
feature not seen in the thinner specimens from women. To 
establish whether this made any difference to the 
sonographic appearance of the muscle, a segment of the 
external sphincter was dissected and aligned such that its 
fibres were oriented to lie parallel to the ultrasound beam 
(Figure 1b). Compared with Figure la, it can be seen that 
the difference in echogenicity between the longitudinal 
muscle and the external sphincter disappears and both 
layers appear hyperechoic 
During in vitro water-bath dissection the longitudinal 

muscle was identified sonographically as a separate layer 
in six of seven specimens from men but in none of those 
from women, although its presence was confirmed 
histologically 

4. Outside the external sphincter, irregular linear reflections 
were seen from the fibrous septa within the adipose tissue 
of the ischioanal fossa ( Figure 3a). 


Intraoperative studies 

The reverberation echo from the flat scissors was clearly visible 
in all patients. In six of the seven men the external sphincter 
was hypoechoic (Figure 4). Dissection of the intersphincteric 
space and insertion of the scissors for a short distance confirmed 
that the outer hypoechoic ring was the external sphincter and 
that the inner hyperechoic ring represented the longitudinal 
muscle ( Figure 4a). In four of five women the external sphincter 
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Figure 5 /ntraoperative scanning of a woman. The arrow points to the 
reflection of the tip of the scissors on the lateral border of the internal 
sphincter (i). The longitudinal muscle layer in this patient is of similar 
echogenicity to the surrounding external sphincter (E) and is not 
distinguishable from it. Ant, anterior; s. submucosa; TAS, internal anal 
sphincter 


appeared hyperechoic (Figure 5). The internal sphincter was 
hypoechoic (Figures 4 and 5) in all 12 patients. 

As with the in vitro studies, four layers of varying 
echogenicity were identified. During the in vivo operative 
dissection studies the longitudinal muscle layer was identified 
sonographically in six of seven men and in one of five women 
As with the dissection specimens the longitudinal muscle was 
identified only when the external sphincter was relatively 
hypoechoic. Where the external sphincter was hyperechoic, it 
was impossible to distinguish the layers. 

The perineal body was not identified as a distinct 
sonographic structure in either in vitro or in vive studies 


Discussion 


There is no muscularis mucosae in the anal canal to separate 
mucosa from submucosa: hence the term ‘subepithelial’ to 
describe these tissues. Anatomical dissection has suggested’ 
that there is continuity between the muscularis mucosae of the 
rectum and superficial fibres of the subepithelial layer in the 
anal canal, and the term ‘muscularis submucosae ant’ has been 
proposed. The mucosa could not be separated from the 
muscularis submucosae by dissection and was not differentiated 
as layers endosonographically. Beynon er al.’ were also unable 
to define the mucosal layer during rectal endosonography. The 
thickness and echogenic nature of this layer would appear to 
be below the resolution of the equipment used 

The subepithelial layer (Figure 2) and internal sphincter 
(Figures 2, 3a and 5) demonstrated a consistent echogenicity. 
Smooth muscle is generally of low echogenicity and the circular 
internal sphincter therefore appears hypoechoic. In contrast, 
the longitudinal muscle was hyperechoic (Figures la, 3a and 
4), but this layer could be defined sonographically only when 
the external sphincter was relatively hypoechoic (Figures la, 
3a and 4). This was common in men, but in most of the women 
studied the external sphincter was hyperechoic, merging 
inseparably with the longitudinal muscle (Figures 2 and 5). 
These differences in echogenicity could be accounted for by a 
change in direction of fibres as well as an increase in the fibrous 
stroma. A similar phenomenon has been demonstrated during 
ultrasonography of the Achilles tendon, where a change in 
echogenicity occurs depending on the orientation of fibres in 
relation to the ultrasound beam”. This is likely to explain the 
differences in the echogenicity of the external sphincter found 
in this study, particularly between the sexes. During dissection 
when the anal muscles were well developed, as frequently seen 
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in specimens from men, many of the circular fibres of the 
external sphincter adopted a more oblique course. This resulted 
in a change in echogenicity of the external sphincter and hence 
the hypoechoic appearance relative to the hyperechoic 
longitudinal muscle (Figure 1a). Confirmation of this phenom- 
enon was demonstrated by changing the orientation of the 
dissected external sphincter layer in relation to the ultrasound 
beam (Figure 1b). 

The original description of the endosonographic anatomy 
of the anal canal! confused the intersphincteric space with the 
longitudinal muscle, and the longitudinal muscle with the outer 
hypoechoic ring of the external sphincter. It is now recognized 
that the outer border of the external sphincter is clearly 
separated from the irregular striated appearance of the septa 
within the ischioanal fossae (Figures 3a and 4b). 

A recent study!° of anal endosonography combined with 
simultaneous electromyographic studies confirmed the location 
of the external anal sphincter, although the longitudinal muscle 
was not defined. The sphincters have also been imaged using 
magnetic resonography'! and the overall appearance of the 
external sphincter confirmed. Although it was claimed that the 
longitudinal muscle layer was identified, measurements of the 
internal sphincter, the subepithelial and longitudinal muscle 
layers were combined and it is difficult to differentiate the inner 
layers in the illustrations. 

It is evident from the present study that a basic echogenic 
pattern of the anal canal layers has been defined, with some 
individual variation and sex difference in the echogenicity of 
the external sphincter. The inaccuracies in the original 
description of the sonographic anatomy! have been rectified, 
and abnormalities may now be interpreted with greater 
precision and confidence. 
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Colonic bacteria and bacterial 
translocation in experimental 
colitis 


The indigenous intestinal flora and an intact mucosa are vital components 
of body defences against luminal pathogenic bacteria. Disruption of 
these defences in inflammatory bowel disease may permit bacterial 
translocation and contribute to disease severity. Support for this 
hypothesis comes from this study of a hapten-induced rat model of 
colitis. Induction of colitis was associated with a significantly increased 
colonic Gram-negative aerobic bacilli count. The results, expressed as 
logio [colony-forming units per gram tissue] were: colitic 6-97-8-86 
versus control 4:90-6:69 (P < 0-05). Colitis was also associated with 
a decreased Gram-positive cocci count at 4:00—8-04 versus control 
6:45-8:30 (P < 0-05). Bacteria translocated to the mesenteric lymph 
nodes in five of eight colitic rats (P = 0-01), to the spleen in four 
(P = 0-04) and to the liver in five (P = 0-01) but to these organs in 
none of the eight control animals. There was a positive correlation 
between the severity of colonic inflammation and extent of bacterial 
translocation in colitic animals (tẹ = 0-86, P = 0-007). 


The colon is a large reservoir of potentially pathogenic bacteria 
and endotoxins. Effective defence mechanisms prevent bacteria 
that colonize the intestine from invading the bloodstream and 
systemic organs. These mechanisms are mechanical (peristalsis, 
mucus production, epithelial desquamation, intact epithelial 
barrier), immunological (secretory immunoglobulins, gut- 
associated lymphoid tissue) and microbiological (bacterial 
antagonism, colonization resistance )!-?. 

In inflammatory bowel disease, the intestinal mucosal 
barrier is disrupted by inflammation and ulceration; there is 
also evidence that qualitative and quantitative disturbances in 
the intestinal bacterial flora occur?~!°. In these circumstances 
translocation of enteric bacteria and their products through the 
bowel wall to extraintestinal sites may result. Systemic 
endotoxaemia has been demonstrated in ulcerative colitis and 
Crohn’s disease and shown to correlate positively with the 
extent and activity of disease!!~!®, Raised levels of immuno- 
globulin G to core glycolipid (endotoxin )'® and immunoglobulin 
A to bacterial cell peptidoglycans have also been described!’. 
Enteric bacteria have been isolated from the mesenteric lymph 
nodes (MLNs) in patients with Crohn’s disease'® and ulcerative 
colitis!®. Gram-negative bacilli have been cultured in the portal 
blood and from liver biopsies in patients with ulcerative colitis 
undergoing colectomy?°??, In addition, circulating agglutin- 
ating antibodies against various enteric bacteria have been 
identified in Crohn’s disease and in active ulcerative colitis??-?>. 

The purpose of this study was to investigate whether 
induction of colitis in the rat causes disruption of the ecology 
of the indigenous colonic flora and translocation of bacteria 
from the colonic lumen to systemic organs. 


Materials and methods 

Animals 

Male Wistar rats weighing 300—400 g were used. Animals were housed 
in individual rack-mounted cages in a room with controlled 
temperature (22°C) and light-dark cycle (12 h—12h). Standard rat 
pelleted formula (Robert Morton, Ballymena, UK ) and tap water were 
provided ad libitum. 
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Induction of colitis 


After a 16-h fast, eight rats were sedated by an intramuscular injection 
of 0-1 mi Hypnorm (fentanyl citrate 0-315 mg/ml, fluanisone 10 mg/ml; 
Janssen Pharmaceuticals, Oxford, UK) and 0-25 mg diazepam. A 5-Fr 
polypropylene catheter (Bardic feeding tube 1732; Bard, Sunderland, 
UK) was lubricated with jelly and inserted 10—12 cm via the anal canal 
into the colon to lie at, or just proximal to, the splenic flexure. At this 
point 25 mg 2,4,6-trinitrobenzenesulphonic acid (Sigma Chemicals, 
Poole, UK) mixed with 0-25 ml 30 per cent ethanol (TNBS-E) was 
instilled. The catheter was then flushed with 0-5 ml air to expel any 
remaining inducing agent before being removed. After instillation the 
rats were supported in a supine Trendelenburg position until recovery 
from anaesthetic to prevent immediate anal leakage of the instillate. 

An additional group of eight normal rats received intracolonic saline 
and served as healthy controls. 


Testing for translocation of bacteria 


At 7 days after induction of colitis, the rats were sedated as before and 
a midline laparotomy performed under sterile conditions. 


Portal and systemic blood culture. A sample of 5 ml blood was 
obtained from both the portal vein and the inferior vena cava for 
aerobic and anaerobic culture using the radiometric Bactec 460 
(Becton—Dickinson, Towson, Maryland, USA). Blood cultures were 
read on days 1, 2, 4 and 7 at a threshold of 20 for anaerobes and 30 
for aerobes. Positive blood cultures were plated out on appropriate 
media and species identified by standard bacteriological techniques. 


Homogenization of organs. The liver, spleen, MLNs from the 
transverse mesocolon and a l-cm length of colon from the splenic 
flexure were removed and placed in preweighed sterile glass bottles 
containing sterile prereduced brain—heart infusion. The bottles were 
reweighed and transferred to an anaerobic cabinet (MK3 Anaerobic 
work station; Don Whitley Scientific, Shipley, UK) where tissue 
homogenates were prepared in 2 ml brain-heart infusion using sterile 
mortars and pestels for the spleen, lymph nodes and colon, and a 
homogenizer (Omni-mixer; Ivan Sorvall, Norwalk, Connecticut, USA) 
for the liver. Serial dilutions of the colon homogenate ranging from 
107? to 1077 were prepared in brain—heart infusion. 


Quantitative and qualitative culture. Aliquots of the homogenates 
were cultured on blood agar, chocolate agar, McConkey agar, tryptic 
soy agar and in cooked meat broth. All plates except those for culture 
of strict anaerobes were removed from the anaerobic cabinet and 
incubated at 37°C for 2 days. Anaerobes were cultured for 5 days. 
Aliquots of the broth were plated out the following day on the four 
standard plates. After the appropriate incubations, individual colonies 
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Table 1 Colon macroscopic score (based on Wallace et al.) 


Criteria 





0 No damage 

1 Hyperaemia 

2 Hyperaemia and thickening without ulceration 

3 Ulceration at a single site 

4 Two or more sites of ulceration or inflammation 

5 Ulceration or inflammation extending >1 cm along the 
length of the colon 

Damage covering >2 cm along the length of the colon, the 
score being increased by 1 for each additional centimetre 
of involvement 


The excised I-cm segment not being available for assessment, the 
remaining portions of the colon were considered as if in continuity 


were counted and each organism plated out for purification. Species 
were identified as before. Micro-organisms were quantified as 
colony-forming units (c.fu.) per gram tissue using the formula: 


Nx Dx2x 10 


cf.u. per tissue = 
per gram W 


where N is the number of colonies on the plate, D the dilution inoculated 
on the plate, W the weight of specimen in grams, 2 for the 2-ml 
brain—heart infusion and 10 for the 0-1-ml inoculum. 


Assessment of colitis 


The remainder of the colon was excised, opened longitudinally, and 
cleared of faecal material with a gentle jet of water. 


Colon macroscopic score. The freshly opened colonic segments were 
pinned out and examined under a dissecting microscope by two 
independent observers. The extent of mucosal damage was assessed 
using a modification of the macroscopic scoring system of Wallace et 
al.2* (Table 1). 


Colon weight and colon weight: body-weight ratio. After scoring, the 
distal 8-cm segment of the colon was blotted dry and weighed. The 
colon weight: body-weight ratio was calculated, as an increase in this 
ratio has been shown to be an accurate marker of colonic 
inflammation?>, 


Colon histology. The tissue was then fixed using Brunnel’s primary 
fixative (Laboratory Supplies and Instruments, Antrim, UK), 
processed by conventional methods and then embedded in paraffin. 
Sections (5m) were stained with haematoxylin and eosin and 
examined using a microscope. 


Statistical analysis 

Data were assessed using Fisher’s exact test, the Mann-Whitney U 
test, Student’s ¢ test and Spearman’s rank test. P < 0-05 was considered 
significant. 


Results 


Clinical features 


TNBS-—E-treated rats showed significant weight loss ( Table 2), 
diarrhoea, piloerection, reduced fluid intake, lack of preening, 
and a reduced level of activity. There was no death in either 


group. 


Colonic inflammation 

Significant colonic inflammation was induced in colitic rats 
compared with the control animals as measured by the colon 
macroscopic score (P < 0-05), colon weight (P < 0-001) and 
colon weight: body-weight ratio (P < 0-001) (Table 2). Histo- 
logical examination showed broad-based mucosal ulcers with 
a surface layer of necrotic ulcer slough. Occasional islands of 
regenerative mucosa were present. The inflammatory infiltrate 
associated with the ulcers was mixed, consisting of neutrophils, 
eosinophils, lymphocytes and plasma cells. Occasional 
epithelioid granulomas were seen in the ulcer base. The 
inflammation extended the full thickness of the bowel wall and 
there was pericolic wrapping of fat. No colonic histological 
abnormality was identified in the control group. 
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Colonic flora 


The colonic flora in the control and TNBS—E-treated rats were 
classified according to Gram staining and anaerobiosis 
(Table 3). There was a significant increase in the number of 
Gram-negative aerobic bacilli and a decrease in the 
Gram-positive cocci count in colitic rats compared with 
controls. 

Investigation of the relationship between the colonic 
Gram-negative bacilli count and the colon macroscopic score 
revealed a positive correlation (rs = 0-70, P = 0-05). 


Translocation from the colonic lumen 


There was no portal or systemic bacteraemia in control rats. 
Four colitic rats had positive blood cultures: three portal 
(Escherichia coli in two, a Gram-negative anaerobic bacillus in 
one) and one systemic (Pseudomonas aeruginosa). 
Translocation of colonic bacteria to the MLNs, liver and 
spleen was not seen in the control rats, but did occur to at Jeast 
one organ in seven of the eight colitic animals. This difference 
between control and colitic rats was significant for the lymph 
nodes (P = 0-01), liver (P = 0-01) and spleen (P = 0-04). The 
distribution and extent of translocation are shown in Table 4. 


Table2 Colonic inflammation and weight gain in control and colitic rats 








Control Colitic 

(n = 8) (n = 8) P 
Body-weight gain (g) 16:3(20) — 14-8(10-9) 0-014" 
Colon macroscopic score 0:38(0-21) 756(051) <0-05ł 
Colon weight (g) 0-72(0-10) 2:79(0-31) <0-001* 
Colon weight :body- 1-58(0-23) 7-11(0:78) <0-001* 


weight ratio (g/kg) 





Values are mean(s.e.m.). *Student’s t test; {Mann-Whitney U test 


Table 3 Colonic flora in control and colitic rats 





Control (n = 8) Colitic (n = 8) 





Aerobes 
Gram-positive cocci 
Gram-positive bacilli 
Gram-negative bacilli 


7-72 (6:45-8:30) 
8-47 (5-60~-9-23) 
6:24 (4-90-6-69) 


6-08 (4-00-—-8-04 )* 
786 (4-00-9:17) 
7-79 (6:97-8:86 )* 
Anaerobes 
Gram-positive 
Gram-negative 


7-88 (4-00-8-72) 
7:52 (4-00-9-20) 


6:95 (4-00-8-52) 
8-86 (7:30-9:38 ) 





Values are median (range) log,)[colony-forming units per gram 
colonic tissue]. *P < 0-05 (Mann-Whitney U test) 


Table 4 Translocation of colonic bacteria in control and colitic rats 





Translocation Bacterial count 





Organ incidence* Pt (logio [c.f.u. perg] yt 
MLNs 

Control 0 of 8 | 0-01 — 

Colitic 5 of 8 2:60 (2:00-3:17) 
Spleen 

Control 0 of 8 0-04 _ 

Colitic 4 of 8 2:02 (1:86-2:45) 
Liver 

Control 0 of 8 | 001 

Colitic 5 of 8 2:34 (1-71-2:44) 
Blood 

Control 0 of 8 ~ 

Colitic 4of8 } 094 — 





MLNs, mesenteric lymph nodes; c.f.u. per g, colony-forming units per 
gram colonic tissue. * Number of positive tests of total animals tested. 
tRefers to animals whose MLNs contained bacteria; values are median 
(range). tFisher’s exact test 
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Table 5 Bacterial species isolated from extracolonic sites in colitic rats 








Rat no. Mesenteric lymph nodes Portal blood Systemic blood Liver Spleen 

1 — — — E. coli — 

3 E. coli — — E. coli E. coli 
Anaerobic Gram-negative bacilli 
Coagulase-negative Staphylococcus E. coli — E. coli E. coli 

5 E. coli — = = st 
Vibrella anguillorum 

6 E. coli — Pseudomonas aeruginosa — — 

7 E. coli E. coli — E. coli E. coli 
Acinetobacter lwoffii 

8 = Anaerobic Gram-negative bacilli — E. coli E. coli 





Organs culture-positive 





Colon macroscopic score 


Figure 1 Extent of bacterial translocation with respect to severity of 
colonic inflammation in colitis induced by 2,4,6-trinitrobenzenesulphonic 
acid—ethanol. r = 0-86, P = 0-007 


E. coli was the only organism cultured from the liver and spleen 
in these rats. In the MLNs, E. coli was isolated from four rats 
and, in addition, there were isolates of Vibrella anguillorwm, 
Acinetobacter and a Gram-negative anaerobic bacillus. The 
bacterial species isolated from the extraintestinal sites are 
summarized in Table 5. 

The extent of bacterial translocation correlated positively 
with the colon macroscopic score (rs = 0-86, P = 0-007) 
(Figure 1). No significant correlation was found between the 
extent of bacterial translocation and log,) [Gram-negative 
bacilli per gram colon] in colitic rats (rz = 0-36, P = 0-39). 


Discussion 

The bacterial defences of the bowel are associated with two 
interesting properties of the colonic bacterial flora. The first is 
the ability to maintain communal stability (bacterial 
antagonism ), which includes such processes as competition for 
nutrients and adhesion sites, and the production of 
antimicrobial factors?®. Second, although serotypes of colonic 
species such as £. coli may change over time, attempts to 
implant organisms artificially have been largely unsuccess- 
ful?”?8, This ability of the normal intestinal microflora to 
prevent colonization by exogenous bacteria has been termed 
colonization resistance*. The obligate anaerobes are thought 
to play an important role in colonization resistance through 
their close association with the intestinal epithelium constituting 
a barrier, limiting attachment of potential pathogens to the 
mucosal epithelium. These bacteria also produce short-chain 
fatty acids (acetate, propionate, butyrate)?’ that have been 
shown to provide over 70 per cent of the energy needs of the 
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human colonic mucosa*°. This anaerobic bacterial barrier and 
fuel source is lost when broad-spectrum antibiotics are 
administered??. 

In this study a hapten-induced model of colonic inflam- 
mation in the rat (TNBS-E colitis) was investigated. This 
model has been well characterized and has clinical, biochemical 
and pathological similarities to colonic Crohn’s disease??. In 
addition, it has recently been demonstrated3* that significant 
portal and systemic endotoxaemia occurs in this model and 
persists for at least 3 weeks. The present study provides evidence 
that induction of colitis by this method is associated with a 
significant reduction in numbers of aerobic Gram-positive cocci 
and a significant increase in that of aerobic Gram-negative 
bacilli within the colon. The colonic aerobic Gram-negative 
bacilli count also increased with the severity of colonic damage, 
although this was not statistically significant. These results are 
in agreement with those reported by Onderdonk et al.°* and 
van der Waaij and colleagues®* of a substantial increase in the 
coliform count within the caecum during the evolution of 
carrageenan-induced colitis in the guinea-pig. They also 
correlate well with the disturbances in the colonic flora reported 
by Ambrose et al.!° and by Keighley and co-workers’ in colonic 
Crohn’s disease. 

Berg and Garlington*® have described bacterial translocation 
as the passage of viable bacteria through the epithelial mucosa 
into the lamina propria, and then to the MLNs and possibly 
other tissues. Studies have shown that translocation, as 
measured by the recovery of viable organisms from the regional 
lymph nodes, is increased by haemorrhagic shock, antibiotic 
therapy, intestinal obstruction, parenterally administered 
endotoxin, obstructive jaundice, thermal injury and cytotoxic 
drugs?’. Based on these observations, it has been postulated 
that increased rates of translocation increase the hyper- 
metabolic response of patients with injury and sepsis, cause a 
septic state in surgical patients in the absence of a defined 
infectious focus, and predispose or contribute to the 
development of multisystem organ failure?’, There appear to 
be three main mechanisms that promote bacterial translocation: 
disruption of the ecology of the indigenous gut flora resulting 
in intestinal bacterial overgrowth*®, impaired host defences?®, 
and physical damage of the intestinal mucosa>*. 

At least two of these factors are features of inflammatory 
bowel disease, with an obvious physical disruption of the 
epithelial barrier by inflammation and ulceration and, as 
outlined above, disturbed bacterial defences with loss of 
communal stability and reduced colonization resistance. For 
this reason, the invasion of systemic organs by colonic bacteria 
in the hapten-induced model of colitis was investigated. In this 
model both systemic and portal bacteraemia have been 
demonstrated and it has been shown that bacteria can be 
cultured from the MLNs, liver and spleen of colitic animals. 
All the organisms cultured were enteric species. The extent of 
this translocation of bacteria from the colonic lumen correlated 
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positively with the colon macroscopic score but not with the 
number of Gram-negative bacilli per gram faeces. This suggests 
that in this model disruption of the physical barrier is a more 
important factor than overgrowth of Gram-negative bacilli in 
promoting bacterial translocation. 

Several human studies indicate that bacterial translocation 
also occurs in inflammatory bowel disease. Aluwihare*? has 
reported intramural bacteria in electron microscopic studies of 
resected ileal tissue in Crohn’s disease. Ambrose et al.!® cultured 
intestinal bacteria from the ileal serosa in 27 per cent and from 
the mesenteric nodes in 33 per cent of patients undergoing 
surgery for Crohn’s disease. Brooke and Slaney?° reported 
positive portal blood cultures in four of nine patients with 
ulcerative colitis undergoing laparotomy. A subsequent study 
by Eade and Brooke?’ reported portal bacteraemia in 24 and 
systemic bacteraemia in one of 100 patients submitted to 
colectomy for ulcerative colitis. They found that the incidence 
of positive culture increased directly with the severity of disease. 
In addition, bacteria were cultured from liver biopsies in 
11 per cent of these patients. The most common organisms in 
all cultures were E. coli, Streptococcus faecalis and Proteus sp. 

It has been suggested that bacterial translocation may 
explain the pathogenesis of abscess and fistula in Crohn’s 
disease and the high incidence of sepsis during elective surgery 


for inflammatory bowel disease!®, and that it may contribute: 


to the biochemical and histological liver disturbances seen in 
these conditions?‘. Wellmann et al.'* have used intestinal 
lavage with normal saline and 5-aminosalicylic acid in patients 
with Crohn’s disease and reported a shorter hospital stay and 
more rapid decline in disease activity in comparison with a 
control group. They went on to suggest that these beneficial 
effects result from a simultaneous reduction in the enteric 
bacterial microflora and removal of bacterial antigens, thereby 
reducing translocation of bacteria and endotoxins. 

Induction of colitis by intracolonic instillation of TNBS—E 
is, therefore, associated with a disturbance in the colonic flora, 
portal and systemic bacteraemia, and translocation of bacteria 
to systemic organs. Although it is not possible to extrapolate 
findings from animal colitic models to the human situation, 
most of these abnormalities have also been reported in 
inflammatory bowel disease and one may infer that bacterial 
translocation does occur in this condition. The clinical 
significance of bacterial translocation and the place of 
therapeutic strategies such as whole-gut irrigation or mucosal 
enhancement therapy with short-chain fatty acids are not clear. 
These issues neéd to be addressed; this model is suitable for 
such studies. 
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Irrigation during surgery for distal colonic obstruction is easy 
when proximal segments of the colon are distended with gas 
and liquid faeces and can thus be cleared with minimal 
manipulation'-*. Sometimes, however, a segment of colon 
15-20 cm in length, immediately proximal to an obstructing 
carcinoma, may be filled with large and hard faecal masses. In 
this situation, intraoperative irrigation using glass tubes is very 
difficult'. If soft pliable anaesthetic scavenger tubes are used, 
excessive kneading may lead to faecal spillage as a result of 
tube dislodgement, and enthusiastic manipulation of a dilated 
colon may result in colonic tears and perforation. 

A prolonged operating time may be necessary, involving 
large volumes of irrigation fluid and extensive bowel 
manipulation, with an increased potential for intraoperative 
and postoperative morbidity. Direct discharge of irrigation 
effluent into an open receptacle? is offensive, and the collection 
of large volumes of irrigation fluid and faeces may contaminate 
the operative field and theatre environment. An isolation bag?’ 
to collect lavage effluent in a closed system cannot be secured 
easily to the colon without the use of tubes to support the 
colonic wall. 

A solution to this problem is presented. 
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Surgical technique 


The left colon is mobilized according to surgical oncological principles. 
Early mobilization of the splenic flexure before colonic irrigation is, 
however, unnecessary in most patients with a rectosigmoid or distal 
sigmoid tumour. To ensure a tension-free anastomosis, splenic flexure 
mobilization is better performed following colonic irrigation. Hard 
faecal masses proximal to the tumour are ‘milked’ backwards from the 
lesion for a short distance and a linear stapler applied to transect this 
segment of colon. The collapsed distal segment with the tumour can 
then be easily resected. Mechanical staplers are less obtrusive than 
intestinal clamps and less likely to slip during subsequent tumour 
resection. The colon is palpated and a pair of non-crushing intestinal 
clamps placed just proximal to the junction between the hard and liquid 
faecal matter. The proximal segment of colon containing the hard faecal 
matter can then be delivered outside the abdomen into a kidney dish 
placed at the side of the patient, after further colonic mobilization if 
necessary. The stapled distal end of the colon within the kidney dish 
is opened with scissors and the hard faecal scybala ‘milked’ into the 
dish, taking care to avoid spillage. After evacuation of these hard faecal 
masses, intraoperative irrigation can be performed according to the 
usual practice with either glass or soft tubings as outflow channels!>. 

Initial evacuation of hard faecal masses before intraoperative 
irrigation reduces colonic manipulation and irrigation fluid require- 
ments and may decrease intraoperative complications and postoperative 
morbidity. 
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Candidate genes for abdominal aortic aneurysm _ 


J.T. Powell, R.M. Greenhalgh, S.E. Humphries and A. Henney, 
Charing Cross Hospital and Rayne Institute, London, UK 


The strong familial tendency to abdominal aortic aneurysm (AAA) 
may have both a genetic and an environmental basis. The association 
of three candidate genes with AAA was investigated: type III collagen 
(mutations associated with Ehlers—Danlos type IV syndrome), fibrillin 
(mutations associated with Marfan’s syndrome) and elastin. 

Genomic DNA was prepared from the peripheral leucocytes of 145 
patients with AAA, 84 patients with aortoiliac stenosis and 88 age- and 
sex-matched controls without AAA or aortoiliac disease. DNA was 
analysed for the presence of two polymorphic restriction sites in the 
type III collagen gene and variable tandem repeats in the elastin and 
fibrillin genes. DNA from patients with AAA was also screened for the 
Gly-619 type III collagen mutation found in an American family with 
aortic aneurysm. 

The frequency of the two polymorphic variants of the type III 
collagen gene was similar in patients with AAA, aortoiliac stenosis and 
the normal population. The Gly-619 type [II collagen mutation was 
not observed in any patient with AAA. The variable repeat studied in 
the fibrillin gene on chromosome 15 shows four alleles. The frequency 
of these four alleles was similar in patients with AAA, aortoiliac stenosis 
and older controls. The CA repeat studied in the elastin gene has eight 
alleles; their distribution was similar in patients with AAA and 
aortoiliac stenosis. 

It is unlikely that a single common founder mutation in type HI 
collagen, fibrillin or elastin contributes, to the development of most 
AAAs. Future studies must focus on the Search for specific mutations 
using affected siblings with AAA. 


Computer decision support for vascular surgery 


C.J. Ranaboldo, J. Davies and A.D.B. Chant, Southampton 
University Hospital, Southampton, UK 


Recent progress in computer and software technology has allowed new 
approaches to the implementation of computer decision support 
systems for clinical practice. These developments suggest that it may 
be possible to provide computer-generated advice about the 
management of individual patients with vascular disease. This report 
examines the feasibility of the approach, the quality of the information 
generated and its relevance to clinical practice. 

The computer system that has been developed, using principally 
model-based reasoning, takes information about individual patients 
held within an extensive computer-based vascular registry to generate 
a model of the patient’s case. The system uses facts from a vascular 
knowledge-base that contains information about outcome for both the 
authors’ patients and those from published series. Advice is given 
regarding necessary investigations, fitness for proposed procedures, 
risks of possible treatments and, for patients with abdominal aortic 
aneurysm, prediction of the likely outcome. 

For 108 patients held within the authors’ registry, the system 
generated an accurate model of the case in 106 (98 per cent). It 
highlighted omissions in the investigation strategy in 16 per cent of 
cases and excessive investigation in 22 per cent. Of 160 clinical problems, 
134 were correctly identified, with no important clinical points being 
missed, The system’s assessment of fitness for surgery, based on a 
modified scoring system, related closely to actual clinical events 
(72 = 5-78, P < 0-05). 

The model extracted appropriate information from both the local 
vascular registry and the vascular knowledge-base in 94 per cent of 
cases. In the case of patients with aortic aneurysm (n = 54) advice 
about management differed from actual treatment in six cases, with a 
recommendation to monitor the patient rather than to operate. One 
of these patients died and two had cardiac events as complications of 
surgery. 

The development of model-based decision support systems for use 
in vascular surgical practice is now feasible. In addition to capturing 
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clinical information, such systems are capable of auditing it and using 
the results of that audit to feed back directly into the unit’s 
decision-making process. 


Glasgow aneurysm score 


A.K. Samy and G. McBain, Southern General Hospital, 
Glasgow, UK 


It is accepted that there is a worldwide increase in the incidence of 
abdominal aortic aneurysm (AAA). It is also clear that the management 
of most of these aneurysms, for the conceivable future, will fall on the 
shoulders of general surgeons. It would be of value, therefore, to 
establish a prognostic scoring system to assist in the management of 
such patients. This was the main aim of the study presented. 

Randomly selected case notes of 500 consecutive patients with AAA, 
representing 41-6 per cent (500 of 1202) of the total disease population 
treated in the general surgical units of Glasgow (as opposed to purely 
vascular units) between 1980 and 1990, were examined for all possible 
risk factors. These were then related to the operative and postoperative 
hospital mortality rates. Initial univariate analysis showed the outcome 
to be significantly influenced by the following factors: age (P = 0-01), 
rupture {P < 0-001), shock {P < 0-001), myocardial disease (P = 0-08}, 
cerebrovascular disease (P = 0-03), renal disease (P = 0-03) and size 
of aneurysm (P = 0-06). By using multivariate analysis, the following 
independent risk factors were identified: age (P = 0-02), shock 
{P < 0-001), myocardial disease {P = 0-02), cerebrovascular disease 
{P = 0-02) and renal disease {P = 0-003). By rounding the regression 
coefficients a simple risk score was created: 


risk score = (age in years) + (17 for shock) 
+ (7 for myocardial disease) 
+ (10 for cerebrovascular disease) 


+ (14 for renal disease) 


Retrospective evaluation of the scoring system showed that the 
mortality rate rises in proportion to the score. 


Gastric intramucosal pH in prediction of outcome after 
surgery for ruptured abdominal aortic aneurysm 


N. Maynard, P. Taylor, D. Bihari and R. Mason, Guy’s 
Hospital, London, UK 


The mortality rate associated with repair of ruptured abdominal aortic 
aneurysm (AAA) remains high despite advances in anaesthetic, surgical 
and intensive care techniques. Many deaths result from multiple organ 
failure, which is likely to be related to splanchnic ischaemia. 
Conventional assessment of tissue oxygenation is by measurement 
of haemodynamic parameters (cardiac index, mean arterial pressure, 
heart rate, central venous pressure, pulmonary artery occlusion 
pressure), oxygen delivery and consumption, and metabolic markers 
(arterial pH, lactate level, base excess), but these take no account of 
regional, especially splanchnic, variations in oxygen delivery, which 
may be significant. The intramucosal pH (pH,) of the stomach can 
now be measured indirectly with a nasogastrically placed tonometer, 
providing an indication of the adequacy of splanchnic oxygenation. 
Twenty-two patients admitted to the intensive care unit following 
surgery for ruptured AAA had all the above parameters measured 
serially, together with assessment of the gastric pH;. The mean 24-h 
APACHE II score was 19-7 and the mortality rate 46 per cent. There 
were no significant differences in any parameter between patients who 
died and those who survived apart from gastric pH, measured 24h 
after admission. Survivors had a mean pH, of 7-4 compared with 7-2 
in those who died (P < 0-001). In survivors who had a low pH, on 
admission there was a significant improvement over the first 24 h (from 
72 to 7-4, P < 0-05), which was not seen in patients who subsequently 
died. Measurement of pH, had a sensitivity of 89 per cent and specificity 
of 85 per cent, with a likelihood ratio (sensitivity:false positivity) of 
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5-9 for predicting death — all higher than for any other variable 
measured. 

Gastric pH, is the most sensitive measurement for predicting 
outcome in these patients, suggesting that splanchnic ischaemia may 
have an important role in determining survival. Measurement of gastric 
pH, may help in the difficult decisions involved in the postoperative 
management of patients with ruptured AAA. 


Abdominal aortic aneurysm screening: acceptance rates, false 
negatives and age-related incidence in 2116 patients 


R.A.P. Scott and H.A. Ashton, St Richard’s Hospital, 
Chichester, UK 


Ultrasonographic screening of the male population at the age of 65 
years has been proposed as a cost-effective method for the detection 
of abdominal aortic aneurysm (AAA). Review of the mortality data 
for the authors’ district over 3 years demonstrated that 97-2 per cent 
of deaths from ruptured AAA occur at or after the age of 65 years. A 
single scan at the age of 65 years has shown a high acceptance rate in 
this younger group of patients, who have the most to benefit from 
surgery. Screening once only at this single age window is cheaper than 
screening the whole at-risk population. 

Observations with ultrasonography on 5392 men and women aged 
65-80 years in a general practice population have shown that the 
incidence of AAA increases with age in men, from 5-9 per cent at 65 
years to 9-0 per cent at 71-75 years. A similar increase is apparent in 
women, although the incidence is lower. In a separate study, 2166 
patients were offered screening as they reached the age of 65 years, and 
1374 were scanned (acceptance rate 63 per cent). AAAs were initially 
detected in 5-1 per cent of men and 0-4 per cent of women aged 65 
years. Patients with a normal aorta at the initial scan were rescreened 
after 2 years and 0-9 per cent were found to have an AAA on the 
repeat scan. 

These findings suggest that, while a single screening of men at the 
age of 65 years will identify the vast majority of those at risk from 
rupture, it is unlikely to detect one-third of those who subsequently 
develop AAA up to the age of 75 years. 


Eventual outcome for 112 men with screen-detected abdominal 
aortic aneurysm less than 4 cm in diameter 


J. Collin, B. Heather, J. Walton and E. Shaw, The John Radcliffe 
Hospital, Oxford, UK 


Two-thirds of abdominal aortic aneurysms (AAAs) detected by 
screening programmes are <4()cm in diameter. The long-term 
outcome for these patients is unknown but will dictate future 
management decisions for the increasing number of small aneurysms 
currently being diagnosed by screening. 

A total of 112 men with AAA <40cm in diameter (median 3:0 
(range 25-39) cm) have been followed for a minimum of 2:5 years 
from screening. All were invited 6 monthly for ultrasonographic 
follow-up, and the eventual outcome to March 1992 was recorded. 

Six men refused follow-up, but all are alive. Eighty patients are still 
attending for 6-monthly ultrasonography, of whom 14 have an AAA 
at least 4cm in diameter (median 44cm, maximum 50cm). Ten 
patients have survived elective surgery for AAA of median diameter 4-7 
(range 4-2--57) cm, and one patient with severe cardiac and respiratory 
disease died following surgery for an AAA 6:7 cm in diameter. Fifteen 
men have died without surgery, two from ruptured aneurysm; one was 
confirmed at autopsy but only one other autopsy was performed. The 
mean(s.e.m.) annual increase in AAA diameter for the 80 men still 
under review was 0-11(0-01) cm and for the 11 undergoing operation 
0-64( 0-01) cm (P < 0-0001). 

It is concluded that within 3 years of diagnosis one-quarter of all 
screen-detected AAAs <40 cm in initial diameter will have become 
clinically significant. Careful clinical assessment of all patients with 
clinically significant aneurysms is essential, and elective surgery is likely 
to be appropriate in 40 per cent of cases. 


Prospective audit of surgery for aortic aneurysm 

D. Berridge and J. Chamberlain, Freeman Hospital, Newcastle 
upon Tyne, UK 

Over a 4-year period a prospective audit was carried out on 817 patients 
(657 men of mean(s.d.) age 69(8) years, 160 women of mean(s.d.) age 


72(7) years). A total of 325 operations were performed in teaching 
hospitals and 492 in district hospitals. Emergency operations accounted 
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for between 34 per cent (teaching hospitals) and 44 per cent (district). 
Overall, 60 per cent of grafts were straight. There were no overall 
differences in mortality rates between patients with straight and 
bifurcated grafts. 

The overall mortality rates for emergency cases were 59 per cent 
(teaching hospitals) and 42 per cent (district). Mortality rates for 
elective surgery were reversed, 5 and 11 per cent respectively. However, 
for the last complete years these rates have improved to 46 per cent 
for emergency and 4 per cent for elective cases (teaching hospitals). 
Seventy-three patients (9 per cent) were admitted with an alternative 
diagnosis, ranging from collapse of unknown cause (25) and renal colic 
(14) to torsion of the testis (one) and even colonic obstruction (one). 

After operation 77 patients (9 per cent) developed deterioration of 
renal function, some requiring dialysis. Perioperative myocardial 
infarction occurred in 6 per cent, and 4 per cent required relaparotomy 
for either haemorrhage, ischaemic bowel or obstructed bowel. Eleven 
patients (1 per cent) suffered a cerebrovascular accident. Emergency 
cases referred via casualty were less likely to survive (39 per cent) than 
those admitted via the urology department (67 per cent) or from their 
general practitioner (53 per cent). Age had a profound effect on 
mortality. The emergency mortality rate varied from 46 per cent in 
those aged <80 years to 62 per cent in those aged > 80 years (P = 0-09). 
Elective surgery also carried an increased mortality rate, from 7 per cent 
in patients < 80 years to 27 per cent in those > 80 years (P = 0-0006). 

Earlier accurate diagnosis may help further to reduce the mortality 
rate associated with emergency aortic aneurysm surgery. Prospective 
audit suggests that patients aged >60 years, presenting particularly 
with collapse, renal colic or unexplained abdominal pain, should have 
urgent aortic ultrasonography to avoid missing a ruptured aneurysm. 
Finally, these data refute the argument, suggested in the Confidential 
Enquiry into Perioperative Deaths report, that aneurysm surgery 
should not be performed in patients over 80 years old, as 38 per cent 
survive and leave hospital. 


Moderate hypothermia protects against spinal cord ischaemia 


A. Qureshi, D.M. McCoy, M.A. Black, P.A. Grace, R. Dwyer 
and D. Bouchier-Hayes, Beaumont Hospital, Dublin, Ireland 


The incidence of paraplegia resulting from spinal cord ischaemia during 
thoracic aortic cross-clamping is 40 per cent. Lowering brain 
temperature by only a few degrees during ischaemia is known to confer 
a marked protective effect. The influence of moderate hypothermia on 
neurological outcome after spinal cord ischaemia was investigated. 

Twelve dogs breathing nitrous oxide, 66 per cent in oxygen, received 
1-3 per cent end-tidal isoflurane. After thoracotomy, the descending 
thoracic aorta was cross-clamped for 30 min. Mean arterial pressure 
(MAP) was monitored proximally and distally to the cross-clamp, and 
pulmonary artery pressures and cardiac output were measured. 
Cerebrospinal fluid pressure (CSFP ) was measured via a needle inserted 
in the cisterna magna. Sodium nitroprusside (2-10 ug kg7' min”) 
maintained the proximal MAP in the range 100-120 mmHg. In the 
hypothermia group (n = 7) (randomly assigned), body temperature 
(measured by pulmonary artery thermistor probe) was reduced to 35°C 
by packing the thorax with ice before cross-clamping, and this level 
was maintained with cooled intravenous normal saline infusion during 
the ischaemic insult. In the control group (n = 5) temperature was 
maintained at preclamp levels (38°C) using an overhead lamp and 
heating blanket. Neurological status was assessed 24 h later by scoring 
motor function in the hind legs (Tarlof scale: 0, fully paralysed; 4, no 
neurological deficit). 





MAP (mmHg)* Median 
Oe Tarlof 
Group Proximal Distal CSFP* score 
Control 110(11) 16(8) 19(8) 0 
Hypothermia 107(18) 17(5) 20(7) 2t 


* Values are mean(s.d.). tP < 0-05 (Mann-Whitney U test) 


Proximal and distal MAP, CSFP and spinal cord perfusion pressure 
did not differ between groups. However, neurological outcomes were 
significantly different: Tarlof score was zero in the control group versus 
2 in the hypothermic animals. It is concluded that moderate 
hypothermia protects against spinal cord ischaemia resulting from 
decreased perfusion pressure during thoracic aortic cross-clamping. 
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Pulmonary trapping of activated neutrophils following 
aneurysm repair 

LS, Paterson, J.M. Klausner, J.A. Mannick and H.B. Hechtman, 
Queen Elizabeth Hospital, Birmingham, UK and Brigham and 
Women's Hospital, Boston, Massachusetts, USA 


Reperfusion of ischaemic tissue during aortic aneurysm repair generates 
thromboxane, activates neutrophils and leads to multiple organ 
dysfunction. The lung, however, is disproportionately damaged. This 
study examined the hypothesis that the more activated neutrophils 
leaving the ischaemic lower limbs are trapped by the lung. 

Eighteen patients undergoing elective infrarenal abdominal aortic 
aneurysm repair had mixed venous and arterial blood samples taken 
simultaneously from a Swan—Ganz catheter and radial line respectively. 
Samples were obtained before, during and after aortic cross-clamping 
for neutrophil count, activity (flow cytometric estimation of free radical 
production) and thromboxane levels (radioimmunoassay). 

The following results were obtained on aortic declamping: 











Neutrophil 
Thromboxane Count Activity 
(pg mi~ +) (x 10917!) (MFU) 
Mixed venous 764(98 )* 6°7(3-1) 174(31)* 
Arterial 893(114)* 3-3(1-9)*+ 91(22)*t 


Values are mean(s.d.). MFU, mean fluorescence units. P < 0-01 versus 
*preclamp and tmixed venous values (analysis of variance) 


These data demonstrate an arterial to venous difference in 
neutrophil count and activity across the lung following aortic aneurysm 
repair. Pulmonary trapping of the more activated neutrophils may 
. explain the disproportionate lung injury after aortic aneurysm repair. 


Association between colonic ischaemia and endotoxin 
absorption during aortic surgery 

M. Welch, D. Durrans, H.M.H. Carr, G.T. Williams, 
J.T. Douglas, J.V. Smyth and M.G. Walker, Manchester Royal 
Infirmary, Manchester, UK 


Colonic ischaemia is a potentially fatal complication of aortic surgery. 
Recent studies have shown that the duration of ischaemia is highly 
predictive for the development of sepsis from enteric organisms, multiple 
system organ failure and death. Ischaemia occurring during surgery 
and in the early postoperative period may be detected by sigmoid 
tonometry. The aim of this study was to determine whether 
endotoxaemia occurred during and after aortic surgery, and whether 
this was associated with colonic ischaemic diagnosed by tonometry. 

Ten patients undergoing elective infrarenal aortic surgery 
underwent preoperative colonoscopy and biopsy, a tonometer 
thereafter being inserted into the sigmoid colon. Samples were taken 
from the tonometer, and simultaneously venous blood for endotoxin 
assay (Coatest chromogenic assay; Kabi Pharmacia), immediately 
before and 5 min after cross-clamp application and removal, and 2, 4, 
6 and 24h after operation. Colonoscopy and biopsy were repeated 
after 1 week. 

While endotoxin (normal mean(s.d.) level 5-83(7-92) ng1~!) was 
detected in two patients before cross-clamp application, very high levels 
of up to 125ng1~! were seen in five just before or immediately after 

` clamp removal, all of whom had transient colonic ischaemia detected 
by tonometry, and three of whom had histological evidence of ischaemia 
at 1 week. 

Therefore, absorption of endotoxins does occur during aortic 
surgery and is associated with colonic mucosal ischaemia. Whether 
ischaemia is the sole cause of endotoxaemia requires further evaluation. 


Thrombosed popliteal aneurysm 


S. Ramesh, J.A. Michaels and R.B. Galland, Royal Berkshire 
Hospital, Reading, UK 


Since January 1988, 32 patients have presented with 43 popliteal . 


aneurysms (PAs): 22 thrombosed and 21 non-thrombosed. Patients 
with thrombosed PAs were older (71 versus 66 years) and were more 
likely to have bilateral PAs (P <005) and serious associated 
cardiovascular disease (P < 005). 

Nineteen aneurysms thrombosed acutely. Twelve were treated by 
intra-arterial thrombolysis, which was successful in seven cases. All 12 
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were subsequently bypassed, as were the other seven in patients who 
presented with such severe ischaemia that they underwent urgent 
operation. One patient died and two others required major amputation. 
Other complications included foot drop (two), renal failure (one) and 
wound infection (two). Two grafts thrombosed and required 
re-exploration. Elective bypass was carried out in 11 patients without 
acutely thrombosed aneurysm. There were no significant postoperative 
problems. 

Distortion within the aneurysm (P < 0-001), large size (P < 0-01) 
and distortion of the popliteal artery above or below the aneurysm 
(P < 0-02) were all associated with thrombosis. Stenoses within the 
PA were more likely with multiple aneurysms (P < 0-01) and distortion 
with larger aneurysms {P < 0-01). After correcting for distortion within 
the aneurysms, none of the other variables was independently 
significant. The combination of distortion and diameter >3cm was 
present in 87 per cent of thrombosed aneurysms. 

Morbidity is high following acute thrombosis of PA. Distortion 
of the aneurysm appears to be a more sensitive predictor of thrombosis 
than size alone. The combination of distortion with an aneurysm 
diameter >3cm may help to define PAs that should be bypassed 
electively. 


Intraoperative thrombolysis in the management of thrombosed 
popliteal aneurysm 


J.F. Thompson, D.J.A. Scott, J. Beard and J. Earnshaw, Bristol 
Royal Infirmary, Bristol, UK 


Thrombosis of a popliteal aneurysm (PA) is a disaster with a high 
amputation rate. Acute distal thrombosis contributes to the failure of 
immediate bypass grafting. Preoperative thrombolysis is useful to clear 
the run-off in patients with a viable limb, but in severe ischaemia there 
is insufficient time. Intraoperative thrombolysis was used in a series of 
patients with this problem. 

Six patients presenting with thrombosed PA required urgent 
surgery. At operation 100000 units streptokinase (n = 4) or 30 mg 
tissue plasminogen activator (n = 2) was instilled over 30 min into the 
distal popliteal artery using a syringe driver after ligation of the 
aneurysm. Lysis of residual thrombus was judged using on-table 
angiography. Fasciotomy was performed in four cases after 
reconstruction. 

Angiography confirmed lysis in all cases. All patients had their limbs 
saved and all grafts were functioning at a minimum of 3 months, 
confirmed by digital subtraction angiography, duplex scan and ankle 
indices. There was no excessive bleeding from fasciotomy sites. 

Intraoperative thrombolysis is a useful adjunct to surgery for 
thrombosed PA. The technique encourages a more conservative 
approach to patients with asymptomatic aneurysm by improving the 
surgical results following acute thrombosis. 


Lower-limb vein graft stenosis: a multivariate risk factor analysis 


K. Varty, D.A. Ratliff, R.D. Sayers, M.M. Thompson, 
P.R.F. Bell and N.J.M. London, Leicester Royal Infirmary, 
Leicester, UK 


Over a 4-year period 77 lower-limb vein grafts (64 in situ, 13 reversed ) 
have been entered into a duplex scan surveillance programme. All 
stenoses were confirmed angiographically. Thirty-six stenoses developed 
in 22 grafts (29 per cent), 91 per cent occurring within 12 months. 
Stenosis was particularly common in the distal third of in situ grafts 
(64 per cent). 

The following variables were studied in a multivanate analysis of 
risk factors for the development of stenosis: age, sex, hypertension, 
smoking, diabetes, grade of surgeon, inflow and outflow artery, run-off, 
vein size (<3 mm in diameter), distal resistance and total graft flow. 
Vein diameter was the only variable associated with the development 
of stenosis (odds ratio 7 (95 per cent confidence interval 2~34)). Seven 
of ten small-diameter grafts developed stenosis. 

In 12 in situ grafts, narrowed and thickened distal segments were 
excised and a composite graft constructed using either arm (11) or 
alternative saphenous vein (one). Three of these grafts developed a 
stenosis at the venovenotomy but there were no distal intragraft 
stenoses. The overall stenosis rate in composite grafts was lower than 
in small-diameter vein grafts (P = 0-003, Fisher’s exact test). 

In conclusion, a multivariate analysis has shown small vein diameter 
to be a significant risk factor for the development of vein graft stenosis. 
Possible explanations for this include an increased risk of valvulotome 
injury (in situ grafts) or high-velocity flow disturbances (reversed or 
in situ grafts). The results of this study also show that when doubt 
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exists about a narrow distal segment of vein it should be replaced with 
alternative vein of greater diameter. This policy will result in a lower 
incidence of distal intragraft stenosis. 


Prospective study of the natural history of femoropopliteal 
artery stenosis using duplex ultrasonography 


M.R. Whyman and C.V. Ruckley, The Royal Infirmary, 
Edinburgh, UK 


A foreknowledge of impending arterial occlusion and possible 
deterioration of ischaemia might allow their prevention by active 
intervention in the preocclusive stage. This could, in principle, be 
achieved by percutaneous transluminal angioplasty, which has been 
shown to have a high primary success rate in the treatment of femoral 
artery stenosis, a low risk, and an acceptable patency rate. The 
procedure is more difficult and associated with lower patency rates 
when occlusions are recanalized and dilated, particularly when the 
occlusion is long. There is, therefore, a ‘window of opportunity’ within 
which treatment is technically easier and safer. However, the length of 
time between the finding of a stenosis and its progression to occlusion 
is not known. 

The aims of the present study were to determine: (1) the change 
in degree of femoral stenosis over time according to velocity ratio (VR) 
measurements determined by duplex ultrasonography; and (2) the 
incidence of progression from stenosis to occlusion. 

Forty-three stenoses in 38 patients were studied using duplex 
ultrasonography to quantify the degree of stenosis. Repeat duplex 
examinations of the same stenoses were performed after a median of 
28 weeks. Stenoses that did not occlude underwent no significant change 
in VR in the follow-up period. None of the stenoses with a VR <3 
progressed to occlusion. Half (six of 12) of those in the VR range 3—6 
and one-third (three of nine) of those in the VR range >6 occluded. 
It is concluded that occlusion is liable to occur as a sudden event in 
any stenosis with a VR 23. 


Smoking and platelet activity predict infrainguinal graft stenosis 
N.J. Cheshire, A. Chambler, M. Barradas*, D. Mikhalaides 


and J. Wolfe, St Mary's Hospital and * Royal Free Hospital, 


London, UK 


Great interest has been aroused in the prevention of myointimal 
hyperplasia, but patients at risk have not been defined. Prospective 
(n = 46) and retrospective (n = 35) groups of patients were used to 
study clinical risk factors (smoking, diabetes, hypertension), platelet 
function (plasma and intraplatelet S-hydroxytryptamine (5-HT), 
B-thromboglobulin and platelet-derived growth factor (PDGF) levels, 
spontaneous and stimulated platelet aggregation rates), coagulation 
and fibrinolytic activity (fibrinogen, plasminogen, plasminogen- 
activator inhibitor and factors VII and VHI, and tissue plasminogen 
activator (tPA) activity), lipid profiles (triglycerides, total cholesterol, 
apoliproproteins Al and B, high-density lipoproteins 1-3 and 
lipoprotein (a)) and rheological variables (whole blood and plasma 
viscosity ) in patients who developed graft stenosis (n = 28) and those 
who did not (n = 53) (3 months duplex ultrasonography with or 
without angiographic surveillance) to a minimum follow-up of 2 years. 
Results in the two groups were: 





Stenosed § Non-stenosed 

grafts grafts P 
Smoking 15 of 24 7 of 39 <0-001* 
Plasma fibrinogen 424-6 350-0 0-004t 
Plasma 5-HT 23-36 704 <0-00if 
Platelet aggregation 18-4 40-9 0-002t 

(adrenaline) i 

Platelet aggregation (5-HT) 484 59-3 0-04t 


*y7 test; {Mann-Whitney U test 


Patients with polytetrafluoroethylene graft stenosis revealed greater 
platelet activation: plasma £-thromboglobulin and intraplatelet PDGF 
levels were raised significantly. No differences in incidence of diabetes 
or hypertension, viscosity measurements or any lipid parameters were 
demonstrated. Multivariate analysis showed both smoking and plasma 
5-HT level to be strongly predictive of myointimal hyperplasia 
producing graft stenosis, but plasma fibrinogen concentration was not 
an independent factor. These results have defined a subgroup of patients 
at high risk of developing myointimal hyperplastic graft stenosis. 
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Human yascular smooth muscle cell culture: a model of 
myointimal hyperplasia 

P. Chan, E. Munro, M. Patel, L. Betteridge, M. Schachter, 
P, Sever and J. Wolfe, St Mary's Hospital, London, UK 


Vascular smooth muscle cell (VSMC) proliferation is the patho- 
physiological basis of myointimal hyperplasia, which is the most 
important cause of failure after vascular surgery and angioplasty. Study 
of VSMC growth in culture may provide new insights into this major 
clinical problem. 

A total of 136 samples of vascular tissue from 116 unselected patients 
were placed into culture between December 1990 and April 1992. Tissue 
was obtained from primary cardiac and peripheral bypass operations, 
secondary revision of graft stenosis, or organ donors, Culture was by 
an explant method, in standard medium supplemented with 15 per cent 
calf serum and antibiotic. 

The overall success rate for obtaining outgrowth of cells in primary 
culture was 79 per cent (85 per cent if very small or inadequate samples 
were excluded ). Some 43 per cent of cells were subcultured successfully 
to the third passage, comprising 37 per cent of arteries, 61 per cent of 
veins and 58 per cent of intimal hyperplastic stenoses, but only 6 per cent 
of endarterectomy specimens (P < 0-001, x? test). 

Growth of cultured cells in response to 15 per cent calf serum is 
reproducible. Cell numbers were counted at 0, 3, 7, 10 and 14 days 
after stimulation with serum; variation (s.d.) between replicate counts 
within the same experiment was 6'4 per cent. Identical cells used in 
different experiments varied by 6:5 per cent; cells of the same lineage, 
but different passage number, varied by 10-6 per cent (P > 0-05, F test). 

Growth curves obtained from different samples within a single 
donor were largely identical. Growth of arterial and venous samples 
derived from a single donor was also similar. 

Human VSMC can be successfully, simply and routinely grown in 
cell culture. Cell proliferation in response to 15 per cent calf serum is 
reproducible, and may model the im vivo proliferation that forms the 
basis of the myointimal hyperplastic lesion. 


Pathogenesis of intimal hyperplasia 
R. Cohen, I. Milla, B.E. Sumpio and D. Charlesworth, 
Withington Hospital, Manchester, UK 


It has been suggested that intimal hyperplasia occurs in regions of 
altered strain, particularly at anastomoses in bypass grafts. It has been 
shown in vitro, in a computer-controlled model of endothelial cells 
subjected to cyclical strain, that the rate of proliferation of the cells 
changes, as does the production of macromolecules. Adenylate cyclase 
controls the production of the second messenger adenosine 3',5’-cyclic 
monophosphate, a process that is regulated by G proteins. Western 
blot analysis was used to measure changes in the immunoreactivity of 
inhibitory G protein following cyclical strain. 


Strain time (min) 





Control 7-5 15 30 45 60 180 





Percentage 100 945 678 877 105-2 1041 98-3 
of control 


There was no change in stimulatory G protein, but there was a 
transient rise in inhibitory G protein. This suggests a post-translational 
modification of G protein. It is concluded that the G protein—adenylate 
cyclase second messenger system is involved in the transduction of 
mechanical signals and the modification of endothelial cell function. 


Endothelial regulation of smooth muscle cell proliferation and 
extracellular matrix formation in cultured human saphenous vein 


K. Varty, K.E. Allen, L. Jones, D. Hemming, R.D. Sayers, 
D.A. Ratliff and P.R.F. Bell, Leicester Royal Infirmary, 


` Leicester, UK 


Current theories on the aetiology of intimal hyperplasia invoke a central 
role for both the endothelium and the smooth muscle cell. Organ culture 
of saphenous vein has recently been introduced as a model in which 
the interaction between these elements can be studied in human tissue. 
To evaluate this model further, 40 paired segments of saphenous 
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vein from patients undergoing arterial surgery were cultured in medium 
supplemented with 30 per cent fetal calf serum. Before culture the 
endothelium from one of the paired segments was removed by gentle 
abrasion. After 14 days veins were fixed and processed for electron and 
light microscopy. Immunocytochemical techniques were used to stain 
the endothelium (QBend 10), smooth muscle cells (actin), proliferating 
cells (proliferating cell nuclear antigen ), laminin and collagen. An alcian 
blue stain was used to stain mucopolysaccharides in the extracellular 
matrix. 

Intimal thickening caused by the development of a cellular 
subendothelial layer in cultured veins was significantly greater in the 
presence of endothelium (34 versus 9 um; P < 0-001, Student’s paired 
t test). The cells in this layer were identified on electron microscopy 
as myofibroblasts with a secretory phenotype. Surrounding these cells 
was abundant extracellular matrix staining positively for mucopoly- 
saccharides and laminin. Proliferating smooth muscle cells at a deeper 
level in the vein intima provided the new cells in the subendothelial 
layer. 

In conclusion, the changes seen in cultured human saphenous vein 
(smooth muscle cell proliferation, phenotypic change and extracellular 
matrix formation) mimic closely the pathological changes of intimal 
hyperplasia. These changes are promoted by some form of messenger 
from the endothelium whose characterization may prove to be of 
therapeutic value. 


Prospective randomized clinical trial of woven Dacron versus 
collagen-impregnated knitted Dacron grafts in aortoiliac surgery 


K.G. Burnand, A. Donald, K. Somerville, C.W. Jamieson and 
N.L. Browse, St Thomas’ Hospital, London, UK 


Theoretical arguments have been advanced to support the use of knitted 
Dacron (Du Pont) rather than woven grafts in the surgery of the aorta 
and iliac vessels'. Comparative clinical trials demonstrating superior 
efficacy do not exist. A prospective randomized trial inserting either 
woven or knitted collagen-impregnated Dacron grafts has therefore 
been carried out in two groups of patients with disease of the aorta 
and iliac vessels (115 with occlusive disease, 152 with aneurysm). At 
1 year after implantation, graft patency was independently assessed by 
duplex ultrasonography. Equivocal findings were confirmed or refuted 
by intravenous digital subtraction angiography. Graft size was 
measured and the presence of aneurysmal or stenotic disease developing 
at the anastomosis assessed. 

Of the patients with aneurysm, 92 were treated by tube grafts and 
all of these remained patent at 1 year. One of the 60 patients (32 woven, 
28 knitted ) who had a bifurcated graft for aneurysmal disease developed 
an early occlusion of one limb of the woven graft. Four of 115 grafts 
in patients with occlusive disease have had one limb occlude (three 
early, one late; two knitted, two woven). Graft occlusion eventually 
resulted in limb loss in two patients, while two had a successful 
reoperation. Only one knitted graft was removed because of infection; 
this patient eventually died. The mean(s.d.) operative blood loss in 
patients with knitted impregnated grafts was significantly lower than 
that in those with woven grafts (1690(1245) versus 1363(1172) ml, 
P = 0-049). Knitted grafts had significantly dilated by a mean of 
0:27 mm at 1 year (P < 0-001), whereas woven grafts decreased slightly 
in diameter. 

Although the sample size does not exclude a type H error, this study 
failed to demonstrate any improvement in graft patency or infection 
rate in knitted Dacron grafts. The continued use of knitted Dacron is 
untenable on the grounds of cost benefit. 


1. Lindenauer SM, Stanley JC, Zelenock GB, Cronenwett JL, 
Whitehouse WM Jr, Erlandson EE. Aorto-iliac reconstruction 
with Dacron double velour. J Cardiovasc Surg (Torino) 1984; 1: 
36-42. 


Platelet-derived growth factor antagonists: a possible 
preventive therapy for vascular graft stenosis caused by 
myointimal hyperplasia 

E. Munro, M. Patel, L. Betteridge, P. Chan, M. Schachter, 
P. Sever and J. Wolfe, St Mary's Hospital and Medical School, 
London, UK 


Intimal hyperplasia causes stenosis in 20 per cent of lower-limb grafts 
and in 20—50 per cent of peripheral and coronary angioplasties. There 
is as yet no effective prevention, despite several clinical trials based on 
results from animal models. The present experiments were therefore 
based on human vascular smooth muscle cells (VSMCs). 
Platelet-derived growth factor (PDGF) is released from platelets, 
endothelial cells and VSMCs, and is known to be a major mitogen for 
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VSMCs. The effects of the putative PDGF antagonists trapidil, 
indapamide and fenofibrate ‘on human VSMC growth in vitro were 
examined. 

Tissue was obtained from 14 patients undergoing primary peripheral 
vascular or coronary bypass surgery, or revisional surgery for graft 
stenosis, and from organ donors. VSMCs were cultured using an 
explant technique in standard medium containing 15 per cent fetal calf 
serum (FCS). Growth rates of subcultured VSMCs were assessed at 
0, 3, 7, 10 and 14 days and the inhibitory effect of the antagonists 
measured. In separate experiments, inhibition of tritiated thymidine 
uptake in standard 15 per cent FCS-supplemented medium and 
serum-free medium (SFM) containing 20ngml~! PDGF was 
measured. 





Mean(s.e.m. ) 
14-day inhibition 
in growth curve 


Mean(s.d.) inhibition of 
[?H]thymidine uptake (%) 





(%) 15% FCS SFM plus PDGF 
Trapidil 0(0-22) 1(5) 11(10) 
(12 pg mI~*) 
Indapamide 46(3-4)* 71(9) . 84(10) 
(400 pmol!~') 
Fenofibrate 51(2-4)* 41(10) 81(8) 


(100 ymol!~!) 





* P < 0-001 (Student’s paired t test) 


These results show significant inhibitory effects by both indapamide 
and fenofibrate, but indapamide was not effective at therapeutic levels 
(50 nmol!~!). From the data shown, the effect is produced by 
inhibition of PDGF-induced growth stimulation. It is proposed that 
fenofibrate may prove useful for the prevention of graft restenosis. 


Effect of arterial reconstruction on peripheral nerve function: 
implications for diabetic peripheral neuropathy 

M.J. Young, A. Veves, A.J.M. Boulton and M.G. Walker, 
Manchester Royal Infirmary, Manchester, UK 


There is evidence to implicate both metabolic and neuroischaemic 
mechanisms in the pathogenesis of diabetic peripheral neuropathy. To 
assess the relationship between tissue oxygenation and nerve function, 
and the potential for treatment, two related studies were performed. 

Peroneal motor conduction velocity (PMCV), transcutaneous 
partial pressure of oxygen (P,.o,) and skin temperature were measured 
on the dorsum of the foot in 34 patients with diabetes (mean age 41 
(range 31-70) years; mean duration of diabetes 21 (range 9-34) years). 
In these patients PMCV correlated with P,.o, (r = 059, P < 0001) 
but not with skin temperature (r = 0-16, P not significant). 

Having established this relationship, ten non-diabetic patients of 
mean age 59 (range 52-77) years were assessed before and after 
unilateral femoropopliteal bypass to study the effects on nerve function 
of restoring the peripheral circulation alone. Following reconstruction 
mean(s.d.) Puo, increased from 59:3(10-7) to 70-7(7:2) mmHg 
(P < 0-01) and PMCV from 42:6(6:1) to 46-7(3-2) ms~* (P < 0-01), 
but skin temperature was unchanged, 30-3(0-4) versus 30-4(1-3)°C 
(P not significant). There was no difference in mean(s.d.) Po, 
(63-2(8-8) versus 63-0(4-6) mmHg), PMCV (45-1(7°8) versus 43:4(7-2) 
ms~') or skin temperature (30:8(1:3) versus 30-2(1:2)°C) in the 
contralateral leg (all P not significant). 

These studies provide evidence that ischaemia is associated with 
peripheral neuropathy in diabetes and suggest that improving tissue 
oxygenation can improve PMCV in humans. 


Relationship between bowel ischaemia and organ impairment 
in elective abdominal aortic aneurysm repair 


C.V. Soong, M.I. Halliday, J.H. Hood, B.J. Rowlands and 
A.A.B. Barros D’Sa, The Queen’s University of Belfast, Belfast, 
UK 


The relationship between dysfunction of the various organs and 
ischaemia of the sigmoid colon was investigated in patients undergoing 
elective abdominal aortic aneurysm (AAA) repair. 

Intramucosal acidosis is a good indicator of bowel ischaemia. In 
30 patients undergoing elective AAA repair the intramucosal pH (pH,) 
of the sigmoid colon was measured using a silicone tonometer 
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(Actamed). Daily measurements were made of liver aspartate (ASAT) 
and alanine (ALAT) aminotransferases and of the arterial partial 
pressure of oxygen (P,o,). Cardiac arrhythmia and diarrhoea were 
observed. 

In 14 of the patients, pH; fell to <7-00 during operation. Of these 
14 patients, six developed diarrhoed, compared with none of the 16 
whose pH, remained >7-00 (P <0-01). Four of the 14 patients 
developed cardiac arrhythmia, compared with only one of the 16 whose 
pH, remained > 7-00 (P = 0-15). The postoperative rise in ASAT was 
higher in those whose pH, fell to <7-00 than in those whose pH, was 
>700: mean(s.e.m.) ASAT 426(116) versus 172(19) per cent 
(P = 0-02). The fall in the ratio of P,o, to fraction of inspired oxygen 
(F,o,) was more significant in those whose pH, fell to <7-00 (408(23) 
to 177(11) mmHg) than in those whose pH, remained > 7-00 (352(32) 
to 260(24) mmHg, P = 0-008). 

These results suggest that ischaemia and hypoperfusion of the 
sigmoid colon during AAA repair are associated with subsequent 
impairment of the various organs. 


Aberrant growth control of human vascular smooth muscle: 
a possible mechanism for restenosis 


P. Chan, E. Munro, M. Patel, L. Betteridge, M. Schachter, 
P. Sever and J. Wolfe, St Mary’s Hospital, London, UK 


Vascular smooth muscle cell (VSMC) hyperplasia is a universal feature 
of healing after vascular surgery, injury and angioplasty, but can 
progress to restenose the lumen in 20—40 per cent of cases. It is proposed 
that patients who develop restenosis have aberrant VSMC growth 
characteristics, particularly in relation to control of growth by the 
physiological inhibitor, heparin. 

Human VSMCs were cultured, from patients undergoing secondary 
operation, from graft stenosis (from the stenotic lesion) and from 
undiseased saphenous vein. Control samples were obtained from 
patients undergoing primary bypass surgery, from normal vein and 
artery. Growth was assessed at the third passage in subculture by the 
response to 15 per cent calf serum with or without 100 ug ml~! heparin, 
counting cell numbers at 0, 3, 7, 10 and 14 days. 











Mean(s.e.m.) Mean(s.e.m.) 
{4-day increase 14-day heparin 
Cell type (%) inhibition (%) 
Stenosis (n = 6) 880(184) 9-9(3-8) 
Vein (n = 5) 619(60) 4:9(4-6) 
Control artery (n = 6) 929(119) 46-2(10-9) 
Control vein (n = 23) 969(77) 28-5(4-4) 


VSMCs from patients with restenosed lesions did not grow more 
rapidly in standard conditions than those from controls. Cells from 
patients with restenosis were significantly less sensitive to inhibition by 
heparin (P < 0-001, Mann-Whitney U test), whether derived from the 
stenotic lesion or from ostensibly undiseased vein. 

Growth control of VSMCs from patients who develop restenosis 
appears to be fundamentally different from that in controls. This has 
important implications for the development of therapies to prevent 
graft and angioplasty failure, and may represent a risk factor, at the 
cellular level, for development of restenosis. 


Hypercoagulable states and arterial thrombosis 


S.A. Ray, A. Loh, M. Rowley, D.H. Bevan, R.S. Taylor and 
J.A. Dormandy, St George’s Hospital, London, UK 


Hypercoagulable states (antithrombin III deficiency, protein C and S 
deficiencies, lupus anticoagulant) are known to predispose to venous 
thrombosis. Recently an association with arterial thrombosis has been 
suggested. 

A total of 103 patients with previous arterial reconstruction of the 
leg were screened for abnormal thrombophilia profile. Those with a 
history of graft occlusion (n = 69) were compared with those whose 
graft had never failed (n = 34). Patient characteristics, vascular risk 
factors and nature of reconstruction were similar in both groups. 
Protein C or S deficiency was detected in 35 per cent of the group with 
a history of graft occlusion compared with only 12 per cent of those 
with a patent graft (P < 0-02). A difference was still observed when 
patients with recent (<6 months previously) graft occlusion were 
excluded. 
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To assess the effects of pre-existing hypercoagulable states on 
arterial reopening procedures of the leg, thrombophilia profiles have 
so far been performed on 40 patients before surgery or angioplasty. 
Abnormal profiles were detected in 12 patients, nine of whom had a 
protein S deficiency. Early arterial thrombosis occurred in six patients, 
two of whom had a preoperative hypercoagulable abnormality (one 
protein S deficiency, one lupus anticoagulant). There were two 
postoperative deaths, both in patients with protein S deficiency. 
Evaluation of patency rates is continuing. 

Hypercoagulable states occur more frequently in patients with a 
history of repeated arterial thrombosis and may predispose to early 
postoperative arterial reocclusion and death. 


Importance of vein quality for femorodistal bypass 


A.H. Davies, T.R. Magee, E. Sheffield, R.N. Baird and 
M. Horrocks, Bristol Royal Infirmary, Bristol, UK 


Autogenous vein is still regarded as the best conduit for femorodistal 
bypass, despite the vein graft stenosis that commonly occurs. 
Preoperative selection of good-quality vein should enhance outcome. 
In 87 patients undergoing femorodistal bypass, preoperative assessment 
of the long saphenous vein was conducted to measure size, anatomy, 
evidence of reflux and preoperative compliance. During operation vein 
samples were taken for histological examination, and the sites of valves 
and tributaries marked. Intraoperative quality control was performed 
using flow measurements and completion angiography. The patients 
were then entered into a graft surveillance programme using colour 
duplex ultrasonography and intra-arterial digital subtraction angio- 
graphy to identify graft stenosis. Eleven patients developed graft 
stenosis. None was related to a tributary but one was at the site of a 
valve. 








No stenosis Stenosis 
(n= 76) (n= 11) P 
Size 
<3mm 27 4 n.3.* 
23mm 49 7 n.s.* 
Mean compliance 0-22 (0-16-0:28) 01 (008014) <O00IT 
(% per mmHg) 
Vein incompetence 7 4 n.s.* 
Histology 
Intimal hyperplasia 24 10 <0-001* 
(moderate or severe) 
Lymphocytic infil- 25 9 <0-005* 
tration (moderate 
or severe) 


Values in parentheses are 95 per cent confidence intervals. *z? test; 
Mann-Whitney U test; n.s., not significant 


In conclusion, vein size, incompetence, tributaries and valves are 
not associated with the: development of graft stenosis, whereas 
pre-existing morphological change and poor compliance are. 
Poor-quality vein at risk of developing stenosis can be identified before 
operation by measurement of compliance. 


Subclavian steal 


H. Al-Khaffaf, M. Kalra, A. Farrell and D. Charlesworth, 
Withington Hospital, Manchester, UK 


A study was carried out on 58 patients who had all had carotid- 
subclavian bypass for the subclavian steal syndrome. Twenty-five 
patients had cerebral symptoms and were found to have a combination 
of carotid stenosis (<70 per cent) and subclavian steal. A further 20 
patients had symptoms in the arm (claudication). Thirteen patients 
with no evidence of carotid stenosis had symptoms of dizziness, vertigo, 
drop attacks and transient disturbances of vision. Five of these 13 also 
had claudication in the ipsilateral arm. After operation (from 1 to 8 
years) all patients were questioned about symptoms and underwent 
clinical examination, pressure measurement and duplex ultra- 
sonography. The last two investigations were repeated after exercise. 
All 13 bypasses in the latter group were patent; but all patients had 
retrograde flow in the vertebral artery. None of these patients had 
symptoms. Vertebral flow was reversed throughout the cardiac cycle 
in six (grade ITI) and in systole only in a further six (grade II). This 
group all reverted to grade III after exercise. In six patients pressure 
was measured in the subclavian artery proximal and distal to the shunt, 
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and readings were invariably equal. This suggests an entrainment 
phenomenon. 

In conclusion, this study throws further doubt on the origin of 
‘cerebellar’ symptoms in patients with ‘subclavian steal’. 


Complications of cerebral angiography in patients with 
symptomatic carotid territory ischaemia screened by carotid 
ultrasonography 

G. Young, K.N. Davies, P. Humphrey and P.L. Harris, Mersey 
Regional Neurosciences Centre and Broadgreen Hospital, 
Liverpool, UK : 


This is the first report of the complication rate for digital subtraction 
angiography in patients with carotid ischaemia who have previously 
been screened by carotid ultrasonography so that those with normal 
or minimally diseased arteries do not proceed to angiography. A 
prospective study of 200 consecutive patients was performed for local, 
systemic and neurological complications following carotid angiography, 
defined as occurring within 72h of the procedure. 

Complications occurred in 28 patients: six (3 per cent) were local, 
two (1 per cent) systemic and 20 (10 per cent) neurological. The 
neurological complications were transient in ten (5 per cent), reversible 
in two (1 per cent) and permanent in eight (4 per cent). There were 
two deaths: one patient had an immediate stroke and died from 
pulmonary embolism 5 days later, and one had a severe stroke at 36 h 
and died from convulsions and cerebral oedema. Of the other six 
permanent deficits, four were mild. 

The incidence of angiographic complications was greater in patients 
with >90 per cent stenosis and in those with persisting signs before 
angiography (P < 0-001); it was also greater when the procedure was 
performed by a senior registrar rather than a consultant (P < 0-005). 
During this same period 110 epileptic patients underwent carotid 
angiography for Wada tests, with three transient neurological events. 


Stump pressure and cerebral blood flow 


H. Al-Khaffaf, M. Kalra, A. Farrell and D. Charlesworth, 
Withington Hospital, Manchester, UK 


In carotid artery surgery surgeons differ widely over the level of ‘stump 
pressure’ below which they choose to use a shunt. When the carotid 
is clamped, flow in the brain depends on the anatomy of the circle of 
Willis, the systolic pressure and the partial pressure of carbon dioxide 
(usually end-tidal: Paco,). During carotid endarterectomy velocity 
signals (flow) were recorded in the middle cerebral artery and stump 
pressure, systolic pressure and Pauco, were measured. Velocities were 
recorded when the contralateral artery was occluded and when the 
internal, external and common carotid arteries were clamped. Changes 
in peak and mean velocities were normalized to standard pressures and 
Peco, and analysed statistically (analysis of variance). 

Peak velocity in the cerebral artery was lower when there was a 
contralateral carotid stenosis (P < 0-04). Peak and mean velocities fell 
with ipsilateral clamping (P < 0-001) and velocity was linearly related 
to systolic pressure. There was no relationship between stump pressure 
and peak (r = 0:27) or mean (r = 0-25) velocity (Pearson correlation 
coefficient). There was a correlation when stump pressures were 
<30 mmHg (P < 0-03). 

In conclusion, ultrasonographic velocity measurements in the 
middle cerebral artery are more sensitive to the effects of pressure plus 
stenosis than stump pressure, the critical value of which is 30 mmHg. 


Quality control in carotid endarterectomy: intraoperative 
colour-flow duplex scanning 


T.R. Magee, A.H. Davies, R. Harris and M. Horrocks, Royal 
United Hospital, Bath, UK 


Operative flow measurements can be used to confirm patency after 
carotid endarterectomy. Intraoperative duplex ultrasonography allows 
the results of endarterectomy to be visualized and gives haemodynamic 
information. 

Fifty patients had internal carotid artery (ICA) flow measured 
before and after endarterectomy using an operative Doppler flowmeter. 
The mean (95 per cent confidence interval ) flow before endarterectomy 
was 206 (128-249) ml min™* and rose to 389 (314-463) ml min~* after 
the procedure. These measurements had no predictive value in terms 
of outcome. 

Ten subsequent patients had completion colour-fiow duplex 
scanning performed (Ultramark 9 HDI; Advanced Technologies 
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Laboratories) in addition to flow measurements. Two cases of ICA 
stenosis were identified by duplex scanning. The first was due to a kink 
that caused > 50 per cent narrowing. In spite of this, ICA flow increased 
from 300 to 441 mi min™?. Arteriotomy closure was revised with a 
satisfactory result. The second case was due to thrombus formation 
causing >75 per cent stenosis; [CA flow had increased from 270 to 
380 ml min` +. The clot was removed and patch angioplasty performed. 
Duplex scanning demonstrated stenosis of the external carotid in two 
cases, but these were not corrected. At 1 week after operation all ten 
patients had patent ICAs with normal flow patterns. 

Intraoperative duplex ultrasonography is a simple method of quality 
control and yields more information about the adequacy of carotid 
endarterectomy than use of a Doppler flowmeter. The long-term 
benefits of intervention on defects detected by duplex scanning are as 
yet unknown. 


Haemodynamic measurements during carotid endarterectomy 


T.R. Magee, A.H. Davies, R.N. Baird and M. Horrocks, Bristol 
Royal Infirmary, Bristol, UK 


The indications for shunting in carotid surgery are controversial. Stump 
pressure and other haemodynamic measurements have been used to 
ascertain the need for a shunt. Measurements of stump pressure and 
internal carotid artery (ICA) flow (OpDop; SciMed) were made in 55 
patients undergoing carotid endarterectomy. Bilateral transcranial 
Doppler ultrasonography was used to monitor ipsilateral and 
contralateral middle cerebral artery velocities ( Vaca Vncac). The results 
were analysed according to the degree of stenosis as measured by 
triplanar digital subtraction arteriography. 





Degree of stenosis (%) 








71-80 (n = 10) 81-90 (m= 18) 91-99 (n = 27) 
Stump pressure 46-5 (30-5-62-5) 59-6 (49-1~70 1) 444 (422-666) 
(mmHg) 
ICA flow (mi mint} 284 (163-354) 198 (121-215) 137 (101-178) 
Fallin Kj (ems!) 267 (13-5-48-9) 201 (10 2-298) 217 (17-2-26-5) 
Varac (em 57 *) 15 (~64 to 104) 1-1 (—11:3t0 82)  13(—107to133) 








Values are mean (95 per cent confidence mterval)} 


Stump pressure correlated poorly with the change in Vacs OF Vineac 
on clamping (r < 0-49 for all degrees of stenosis). ICA flow in those 
with 91—99 per cent stenosis was significantly lower than in those with 
a lesser degree of stenosis (P < 0-001, Mann-Whitney U test). There 
was no significant difference in the fall in Vacar in the three groups. 
Vicec did not change on clamping. 

As measured by Vaca stump pressure is a poor predictor of cerebral 
collateral flow during clamping. In spite of >90 per cent stenosis, the 
ICA makes an important contribution to cerebral perfusion 
(137 ml min™ +). Stump pressure or degree of stenosis should not be 
used to determine the need for shunting. No additional information 
was derived from Vmac- 


Value of serial duplex assessment of carotid artery disease 


C.J. Ranaboldo, J. Davies, S. Hosking, V. Gazzard, A. Shutt 
and A.D.B. Chant, Southampton University Hospital, 
Southampton, UK 


The use of duplex scanning for the diagnosis and management of 
patients with carotid artery disease is well established. Considerable 
numbers of scans are undertaken for patients in the authors’ unit both 
before and after operation. This study examined the benefits and 
implications of serial duplex ultrasonography for patients with carotid 
vessel disease. 

All patients who underwent duplex ultrasonography in 1989 formed 
the cohort for the study. The scan results from preceding and subsequent 
years (1983-1991) were related to the patients’ histories. A total of 
188 patients, 119 men and 69 women of mean age 68 years, had one 
or more scans in 1989. For the whole period, 1041 examinations were 
performed (range 1-12 (median 3) per patient). Fifty-five patients 
underwent carotid endarterectomy, five bilateral. Those operated on 
had a mean of 1-4 scans before and 3-3 after surgery. Some 43 per cent 
of all scans were for diagnostic purposes; however, 35 per cent were 
undertaken after no progression of disease had been observed on two 
or more previous examinations. No patient within this group had 
endarterectomy performed or other management decision made on the 
information obtained by duplex ultrasonography. In 32 of 245 vessels 
disease progressed, and in ten cases the observed progression 
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contributed to the decision to operate. Restenosis was found in seven 
cases after endarterectomy, with no action being taken for any patient. 
Within the study period only one new cerebrovascular accident 
occurred, in a patient with no significant disease within the ipsilateral 
vessel who had not been operated on. In 17 patients unnecessary serial 
assessments were made on vessels that were known to be occluded. 

In conclusion, serial duplex scanning affected clinical management 
in only 8-1 per cent of patients. However, unnecessary duplex 
examinations are being performed and guidelines for the use of serial 
duplex ultrasonography could reduce the demand on the service by 
35 per cent without any undue effect on patient care. 


Fate of the external carotid artery following carotid 
endarterectomy 


T.G. John, A.R. Naylor, J. Howlett, I. Gillespie, 
P.A. Sandercock and C.V. Ruckley, The Royal Infirmary, 
Edinburgh, UK 


The fate of the external carotid artery (ECA) following ‘blind’ 
endoluminal disobliteration during carotid endarterectomy was defined 
in 78 consecutive patients followed up at intervals of 6 months by 
ueurological assessment and intravenous digital subtraction angio- 
graphy (DSA) (mean 3-4 DSA sessions per patient). Follow-up DSA 
revealed nine (12 per cent) occlusions of the ECA on the operated side 
(three of which were known to be occluded before operation) compared 
with five (7 per cent) of 70 contralateral non-operated ECAs (P = 0-36). 
Eleven patients (14 per cent) developed late neurological events (two 
strokes with residual disability, three with resolution and six with 
transient carotid territory ischaemic episodes). All patients with ECA 
occlusions remained asymptomatic on follow-up, and no relationship 
was seen between late outcome of the ECA and recurrent neurological 
episodes following carotid endarterectomy. 

Endoluminal disobliteration of the ECA does not appear to be 
associated with an increased risk of ECA occlusion or late 
cerebrovascular events following carotid endarterectomy, and a change 
in practice to routine ‘open’ endarterectomy of the ECA is not 
supported. 


DSA findings on 





follow-up Asymptomatic TIA fugax (recovery) (deficit) 
No significant 45 4 i 2 2 
disease 
Plaque or ulcer { - — — — 
Stenosis (%) 
<50 11 1 1 — 
51-75 — — = on = 
>75 l — — — — 
Occluded 9 — — — 
Total 67 s i 3 2 


TIA, transient ischaemic attack 


Smooth muscle cell response to photodynamic therapy 


M.S. Sobeh, P. Chan, A.M.E. Nouri, S. Roselaar, P.S. Sever, 
R.J. Ham and F.W. Cross, Royal London Hospital, London, UK 


Photodynamic therapy (PDT) combines the effect of laser light and a 
photosensitizing drug (chromophore) to produce selective destruction 
of target tissue. Its main use in oncology has recently been extended 
to benign diseases such as vascular stenosis. The aim of this experiment 
was to study the uptake of the photosensitizer Photofrin (Photomedica ) 
in vascular smooth muscle cells (SMCs), which are known to play a 
major role in the pathogenesis of both atherosclerosis and neointimal 
hyperplasia. 

SMCs were cultured from the inner media of human long saphenous 
vein harvested for coronary artery vein bypass grafting and transferred 
into microtitre plates at 50000 cells per well. Cells were incubated with 
Photofrin at doses of 0-100 wg ml~' for 48h and then exposed to 
light energy of different wavelengths at green (511 nm), red (630 nm) 
or polychromatic wavelengths. The degree of cell destruction after 
treatment was assessed by a colorimetric method based on uptake of 
a tetrazolium salt by viable cells. 

Cells were unaffected by Photofrin at 0-100 ug ml~! without light 
treatment. Treatment with light energy 23 J cm~? in the presence of 
Photofrin (22 ug ml~!) caused a mean(s.e.m.) cell destruction of 
85-6(0-9) per cent (n = 8) regardless of wavelength. The effect was 
similar on cell lines from 16 individuals. Light energy without prior 
chromophore sensitization produced no cell damage. Exposure of the 
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cells to light immediately after the addition of Photofrin, as well as 
after 48 h incubation using the same drug and light doses, suggests that 
the mechanism of destruction is due to activation of intracellular 
chromophore rather than residual chromophore in the extracellular 
medium. 

The results suggest that arterial smooth muscle lesions could be 
treated successfully with PDT, given an appropriate delivery system. 


Neutrophil recruitment and activation following limb 
revascularization 

J.N. Crinnion, S. Homer-Vanniasinkam and M.J. Gough, The 
General Infirmary, Leeds, UK 


Prolonged periods of ischaemia followed by reperfusion may result in 
skeletal muscle reperfusion injury and it has been suggested that 
neutrophils play a significant role in the pathogenesis of this injury. 
If this is the case, then neutrophils must first be recruited into the 
reperfused muscle, allowing subsequent neutrophil activation and free 
radical production. Thus, in a rat model of 6-h unilateral hindlimb 
ischaemia and 4-h reperfusion, neutrophil recruitment by reperfused 
muscle was assessed by measuring gastrocnemius muscle myeloper- 
oxidase (MPO) activity (a neutrophil lysosomal enzyme, by spectro- 
photometric assay ) and neutrophil activation quantitated by the release 
of neutrophil elastase into vena caval blood. Gastrocnemius muscle 
viability (histochemical staining) and oedema (wet:dry weight) were 
also assessed and indices calculated between the reperfused and 
contralateral normal limbs. Ten normal (no ischaemia), ten ischaemic 
(6-h ischaemia alone) and ten control (6-h ischaemia and 4h 
reperfusion) animals were studied. 





Group Viability index Oedema index 

Normal 1-00 (1-00~1-00) 1-00 (0-98-1-01) 
Ischaemia 1-00 (1-00-—1-00) 101 (0-99-1-03) 
Control 0-53 (0-33-0-61) 1-61 (1-28-1-69) 


Values are median (interquartile range) 


Median (interquartile range) gastrocnemius MPO activity (change 
in optical density per minute per gram wet weight) was normal 0-05 
(0-00-0-10), ischaemia 0-075 (0-05—0-10) and control 1-07 (0-47—1-72), 
while elastase levels were normal 13 (0-17), ischaemia 0 (0-7) and 
control 23 (16-30). Thus 6-h ischaemia did not result in muscle 
infarction, oedema, neutrophil influx or activation. In contrast, 4-h 
reperfusion precipitated all of these events (P < 0-01 for all parameters). 
These results confirm a central role for the neutrophil in postischaemic 
muscle dysfunction. 


Smoking impairs endothelium-dependent relaxation of 
saphenous vein 

D.J. Higman, J.T. Powell and R.M. Greenhalgh, Charing Cross 
and Westminster Medical School, London, UK 


Smoking is associated with a decreased patency of femoropopliteal vein 
grafts at 12 months. Smoking, in addition to promoting arterial 
thrombosis, may effect intrinsic changes in the vein used for grafting. 
Endothelium-derived relaxing factor (EDRF), which causes vaso- 
relaxation and inhibits platelet aggregation, could be an important 
factor in graft survival. 

Segments of proximal saphenous vein were excised from heavy 
smokers (> 10 pack-years) and non-smokers undergoing varicose vein 
surgery or vein grafting. Specimens were sent for light and scanning 
electron microscopy (SEM) to confirm the presence of endothelium. 
Vein rings were suspended in an organ bath and the relaxations induced 
by bradykinin (107° moll~! to 1075 moll~!) were measured after 
precontraction with phenylephrine (3 x 1077 mol 17'). 

Light microscopy showed no gross intimal abnormalities in the 
varicose veins. SEM demonstrated preservation of the endothelium. 
For non-smokers (n=6) the maximum mean(s.d.) bradykinin- 
induced relaxation of varicose veins was 53-0(5-4) per cent compared 
with only 27-4(2°8) per cent in smokers (n = 6) (P < 0-005). For both 
groups the bradykinin-induced relaxation was blocked by an inhibitor 
of EDRF synthesis (1074 moll™! nitro-L-arginine methyl ester). 
Preincubation of smokers’ veins with 3 mmol1~! L-arginine (EDRF 
precursor) did not increase the relaxation. Similar bradykinin-induced 
relaxations were observed in non-varicose veins used for grafting. 


Br. J. Surg., Vol. 80, No. 4, April 1993 


Veins from smokers and non-smokers showed a similar relaxation 
(90-100 per cent) in response to sodium nitroprusside. 

The EDRF-dependent bradykinin-induced relaxation of saphenous 
vein is reduced significantly in smokers. Impaired EDRF release in 
smokers could promote platelet aggregation and vasoconstriction, 
thereby adversely influencing graft patency. 


Access to vascular surgery: an audit of the provision of 
services across a single health region 


J.A. Michaels, D. Browse, D. McWhinnie, P. Morris and 
R.B. Galland, The John Radcliffe Hospital, Oxford and Royal 
Berkshire Hospital, Reading, UK 


Published data describing vascular surgical practice are largely from 
teaching centres and may not be representative of the services generally 
available. A study has been carried out to assess variation in the 
provision of vascular surgical services across a single health region in 
the UK. 

The region consists of one teaching and seven non-teaching districts, 
serving a total population of over-2-5 million. Data have been collected 
for each health district, detailing the number of consultant episodes in 
1991 for diagnostic categories related to peripheral vascular disease or 
aneurysm. A more detailed audit was carried out over a 3-month period 
in the teaching hospital and the largest district general hospital (DGH). 
This provided information about the route of referral, case mix and 
management of all vascular patients. 

The results show that there are a mean of 116 consultant episodes 
relating to vascular diagnoses per 100000 population per year. Six of 
the eight districts were within 20 per cent of this figure while the other 
two reported 39 and 191 per cent of this value. The lower figure was 
in a district that had no surgeon with a vascular interest at the time 
of the study; the exceptionally high figure may relate to inaccuracies 
in the coding of particular categories. The more detailed data showed 
good correlation with the summary statistics in the two districts studied. 
The teaching hospital and DGH serve a comparable size and 
cross-section of population and were referred patients of a similar case 
mix. Emergency referrals accounted for about 33 per cent of admissions 
in both centres but, at the teaching hospital, significantly more of the 
routine referrals were from ‘out of district’ (9:8 versus 1-6 per cent; 
P < 005, z? test). The teaching hospital had a higher rate of vein 
utilization for infrainguinal grafts (91 versus 41 per cent; P < 0-05, x° 
test) and carried out more carotid endarterectomies and femorodistal 
grafts, although <12 per cent of these were for patients from other 
districts. 

It is concluded that the vast majority of vascular surgical patients 
are dealt with by hospitals in their district of residence and that the 
teaching hospital and DGH have a similar case mix. However, a more 
comprehensive vascular service appears to be available to those living 
in the teaching hospital district and there are few tertiary referrals. 
Greater access to carotid surgery and distal reconstruction would 
require either the provision of these services at more DGHs or tertiary 
referral of patients who need such treatment. 


Prevention of phantom pain after major lower-limb 
amputation by epidural infusion of diamorphine, clonidine and 
bupivacaine : 
A.P. Jayatunga, M. Jahangiri, C.H. Dark and J.W.P. Bradley, 
Hillingdon Hospital, Hillingdon, UK 


Phantom limb pain may appear in up to 85 per cent of patients following 
amputation. There is no effective treatment. Perioperative epidural 
infusion of morphine and bupivacaine, alone or in combination, is 
effective in preventing phantom limb pain in patients with pre-existing 
limb pain. Serious side-effects however make such patients dificult to 
manage on a general ward. Clonidine has been shown to be an effective 
postoperative analgesic when applied epidurally. To mitigate the 
potentially serious side-effects of all these drugs, their combined efficacy 
in preventing phantom limb pain in a prospective controlled trial of 
24 patients undergoing lower-limb amputation has been studied. 

In the study group (n = 13), an epidural infusion containing 75 mg 
bupivacaine, 150 ug clonidine and 5 mg diamorphine was given at 
1-4 mi h7? for the 48 h before operation and maintained for 3-7 days 
after operation. The control group (n = 11) received opioid analgesia 
on demand. Pain was assessed by visual analogue score at 7 days, 
6 months and 1 year. Two patients in the study group died from 
unrelated causes before 1-year follow-up. Urinary incontinence (four 


Br. J. Surg., Vol. 80, No. 4, April 1993 


VSS Abstracts 


patients) and faecal incontinence (two) in the study group were the 
only complications. The results at 1-year follow-up are summarized. 








Study 

patients Controls P 
Phantom pain 1 8 <0-002 
Phantom limb 2 8 <0-05 
Stump pain 2 6 Ds. 





n.s., Not significant 


It is concluded that perioperative epidural infusion of diamorphine, 
clonidine and bupivacaine is a safe and effective method of reducing 
the incidence of phantom pain after amputation. 


Quality of life after vascular surgery 


W.V. Humphreys, F. Evans and T. Williams, Ysbyty Gwynedd, 
Bangor, UK 


Much is written about graft patency and the economics of vascular 
surgery. The government white paper beholds consideration of ‘patients 
first’ and a prime objective should be to study the quality of life after 
surgery. 

A total of 396 patients with occlusive disease were studied before 
and after surgery, both prospectively and retrospectively, using the 
standard Rosser classification and scoring system. 








Before surgery After surgery 
Critical ischaemia 
Reconstruction 0-268(0-064 ) 0-555(0-284) 
Primary amputation 0-199(0-061) 0:353(0-176) 
Non-critical ischaemia 
Reconstruction 0-375(0-063) 0-736(0-248 ) 


Values are mean(s.d.) 


Thus the improvement in quality of life after reconstruction was 
0-29 compared with 0-15 after amputation. All differences were 
significant (Student’s t test). The biggest improvement in quality of life 
is after proximal procedures and angioplasty but the improvement after 
distal procedures is also significant. Vein grafts were better than 
synthetic materials in all situations below the inguinal ligament. 

The quality of life improvements in the present data are comparable 
to those after total hip replacement, the value of which is accepted by 
governments and health authorities alike; the present data support the 
argument that reconstructive vascular surgery should also be a priority. 


Prediction of outcome in infrainguinal bypass grafting 
K.R. Woodburn, A. Rumley, J.G. Pollock, R.O. Quin and 
G.D. Lowe, Glasgow Royal Infirmary, Glasgow, UK 


Patient selection is of crucial importance in femoropopliteal and 
femorodistal bypass grafting to ensure a satisfactory clinical outcome 
and to avoid extensive unsuccessful surgery in patients with threat of 
limb loss. Altered fibrin turnover, endothelial damage and abnormal 
blood rheology are all associated with peripherat arterial disease; this 
study examines the relationship of these variables to early unsuccessful 
outcome in infrainguinal bypass grafting. 

In 80 patients who underwent infrainguinal bypass grafting at two 
vascular surgical units, preoperative haematological variables, together 
with blood viscosity, markers of fibrin turnover (fibrinogen and 
cross-linked fibrin degradation products: FDPs) and markers of 
endothelial damage (von Willebrand factor: vWF) have been correlated 
with a poor outcome within 8 weeks of surgery, defined as death, graft 
occlusion or persisting symptoms leading to amputation. 

In 18 patients with a poor outcome (11 occlusions, five deaths, two 
persisting symptoms), preoperative platelet count, white cell count, 
blood viscosity, FDPs and vWF were all significantly higher than in 
successful grafts (P = 0-05, Mann-Whitney U test). Poor outcome was 
more common in distal popliteal and femorocrural grafts, and in those 
carried out for limb threat and distal sepsis. Mean age and angiographic 
score were, however, similar in both groups, as were the proportions 
of diabetics and smokers. 
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These results suggest that the preoperative evaluation of these 
variables may assist the vascular surgeon in the identification of patients 
unlikely to benefit from infrainguinal grafting. Studies are continuing 
to develop a predictive index for poor outcome. 


A 2-year follow-up of femoropopliteal bypass using bovine 
carotid biograft 

S. Kelly, M.A. Walker and P.T. McCollum, Ninewells Hospital, 
Dundee, UK 


Although long saphenous vein remains the conduit of choice for 
proximal femoropopliteal bypass, there are occasions when it is either 
deemed unsuitable or preserved for possible more distal bypass. 
Reported here are the 2-year results of the St Jude biopolymeric graft, 
which has high tensile strength and a reduced thrombogenicity as a 
result of its negatively charged wall. ° 

A total of 61 patients had 64 proximal femoropopliteal grafts 
implanted between July 1988 and July 1990 for symptoms of disabling 
claudication, rest pain and/or gangrene. All were considered suitable 
for proximal bypass after measurement of arterial pressure and 
arteriography. The mean preoperative ankle:brachial pressure index 
was 0-53 (range 0-16-0-91) with 14 limbs having three-vessel, 32 limbs 
two-vessel and 18 limbs one-vessel run-off. 

All patients studied are now at least 2 (range 2—4) years after 
implant. To date primary patency has been obtained in 42 grafts, there 
are 21 occlusions and one has been lost to follow-up. Eight patients 
have died, five of whom had patent grafts at the last follow-up visit. 
Cumulative patency rates over the follow-up period have been 72, 70, 
70, 70 and 70 per cent for the periods 6 months and 1, 2, 3 and 4 years 
respectively with the at-risk population for each of these periods being 
46, 40-5, 33-5, 19 and 3-5 respectively. Surprisingly, to date, no 
occlusions have occurred in grafts that have remained patent for 1 year. 

The patency rates achieved with this graft are at least as good as 
those obtained with polytetrafluoroethylene (PTFE). No long-term 
complications have been seen with this graft and in particular no clinical 
evidence of aneurysm formation has been seen although at present the 
patent group are undergoing duplex scanning to check the integrity of 
the grafts. The satisfactory patency rates and lack of longer term 
complications plus the fact that graft function can be monitored using 
the duplex scanner suggest that this biograft may be worth further 
evaluation as an alternative to PTFE. 


Above-knee femoropopliteal bypass and the consequences of 
graft failure 


T.G. John, P.A. Stonebridge, J. Kelman, J.A. Murie and 
C.V. Ruckley, The Royal Infirmary, Edinburgh, UK 


A total of 290 femoral to above-knee popliteal artery bypasses were 
performed between January 1983 and September 1991. Polytetrafluoro- 
ethylene (PTFE) grafts were used in 113 cases (39 per cent) and vein 
grafts in 177 (61 per cent) (146 reversed, 31 in situ). Grafts were followed 
for a median of 20 months. The 2-, 4 and 6-year patency rates for vein 
and PTFE grafts were 70, 62 and 57 per cent compared with 58, 46 
and 41 per cent respectively (P = 0-2). The corresponding 2-, 4- and 
6-year limb salvage rates were 82, 78 and 62 per cent compared with 
75, 64 and 58 per cent (P = 0-6). Some 99 grafts occluded during 
follow-up (45 PTFE, 54 vein). Major amputation was required in 63 
limbs: below-knee in 37 (59 per cent) and above-knee in 26 
(41 per cent). Final healing at the below-knee level was achieved in 23 
of 35 (66 per cent) and 14 of 28 (50 per cent) amputation stumps for 
vein and PTFE respectively (P = 0-11, x? test). The trend for superior 
patency of autogenous vein grafts to the above-knee popliteal artery 
has again been demonstrated, although no difference in the final 
amputation level was shown. The ultimate fate of the limb should be 
considered when evaluating bypass procedures. 


Arm vein; the conduit of choice in the absence of long 
saphenous vein 


J.D. Harrison, I.A. Thomson and M.H. Simms, Selly Oak 
Hospital, Birmingham, UK 


The long saphenous vein (LSV) is widely regarded as the bypass conduit 
of choice for below-knee femoropopliteal and femorocrural bypass. 
Many studies have shown that excellent long-term patency may be 
achieved using reversed or in situ LSV, with 5-year patency rates of 
60-70 per cent in the majority of published studies. By comparison 
the long-term results with prosthetic grafts are poor, with 5-year patency 
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rates around 30—40 per cent. While a number of studies have examined 
arm vein in isolation, few have performed a direct comparison between 
the results of LSV and those of arm vein used for femorocrural bypass. 
To compare the results of LSV with those of arm vein bypass, 208 
femorocrural reconstructions performed between 1985 and 1991 were 
studied. The LSV was used in 150 bypasses and arm vein, most 
commonly the cephalic vein, in 58. There were no significant differences 
between the LSV and arm vein groups for hypertension (32 versus 
26 per cent), diabetes (29 versus 18 per cent), ischaemic heart disease 
(15 versus 6 per cent), previous stroke (12 versus 9 per cent) or smoking 
status (60 versus 55 per cent). Mean follow-up was 44-5 months. The 
cumulative patency rate in the LSV group at 44 months was 63 per cent 
compared with 72 per cent in the arm vein group (P = 0-14). The 
cumulative limb salvage rate over the same period was 97 per cent for 
arm vein and 77 per cent for LSV bypass (P = 0-62). It is concluded 
that the results of using arm vein for femorocrural bypass are at least 
as good as those achieved with LSV, and that arm vein should be used 
for distal bypass when saphenous vein is not available. 


Prospective trial of low molecular weight heparin versus 
aspirin and dipyridamole in femoropopliteal bypass grafts 


R.A. Edmondson, N.V. Wilson, A.T. Cohen, N.J. Standfield 
and V.V. Kakkar, Thrombosis Research Institute, London, UK 


Thrombosis, often associated with the luminal changes of intimal 
hyperplasia, is the most common cause of graft failure within the first 
year of surgery. Recent evidence suggests that the benefits of aspirin 
plus dipyridamole on graft survival are limited to its antithrombotic 
effect in humans. Low molecular weight heparin (LMWH) has the 
potential advantage of not only a superior antithrombotic activity but 
also a potent antiproliferative effect on smooth muscle cells, thereby 
limiting the damaging process of intimal hyperplasia. 

In a prospective multicentre trial, 200 patients undergoing 
femoropopliteal bypass grafting were randomized to receive either a 
daily injection of 2500 units LMWH or 300 mg aspirin combined with 
100 mg dipyridamole at 8-h intervals, for 3 months. The groups were 
matched for age, sex, smoking, hyperlipidaemia, indication for surgery 
(claudication or salvage), graft type, level of anastomosis and run-off. 
All patients were followed for 1 year. 

Overall, LMWH decreased the rate of graft failure throughout the 
trial compared with aspirin—dipyridamole: at 3 months, 6-5 versus 
10-8 per cent (P not significant); at 6 months, 16-4 versus 39-7 per cent 
(P = 0-03); and at 1 year, 30 versus 57 per cent (P = 0:01). The main 
benefit of LMWH was seen in patients with critical ischaemia. The 
proportion of patients with patent grafts at 6 months (LMWH versus 
aspirin—dipyridamole) was 83 versus 59 per cent, relative risk 1-41 
(95 per cent confidence interval 1:07-1:85) (P = 0-03), with a highly 
significant increase of graft patency persisting at 1 year (79 versus 
45 per cent, relative risk 1-76 (95 per cent confidence interval 1:24-2:49), 
P =0-003). Analysis of graft type revealed that LMWH significantly 
outperformed aspirin—dipyridamole in maintaining prosthetic graft 
patency (P = 0-02). This difference was accentuated when the most 
thrombogenic (Dacron; Du Pont) grafts were used (P = 0-003). 

It is concluded that LMWH is a safe and highly effective adjuvant 
therapy to peripheral vascular grafting, and is significantly superior to 
aspirin—dipyridamole in both salvage and prosthetic graft surgery. : 


Haemodynamic measurements as predictors of early outcome 
after infrainguinal vein bypass 


A.H. Davies, T.R. Magee, R.N. Baird and M. Horrocks, Bristol 
Royal Infirmary, Bristol, UK 


In the presence of an adequate inflow, the bypass conduit and distal 
vessels are two factors important in predicting the early (within 30 
days) outcome of bypass surgery. In 100 femorodistal reconstructions, 
flow measurements and graft resistance were obtained. The capacity 
ratio of the vein graft was calculated using flow measurements 
performed before insertion of the distal anastomosis and after 
administration of 30 mg papaverine hydrochloride. 





Resistance (p.r.u.) 


Success (n= 88) Failure (n= 12) p* 





Popliteal 
Single calf vessel 


0-40 (0:36-0:44) 
0-58 (0:52-0:64) 


0-97 (0-87-107) <0-001 
1:09 (0:65-1:43) 0003 





Values are mean (95 per cent confidence interval). p.r.u., Peripheral 
resistance units. * Mann-Whitney U test 
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Grafts in three patients in the failure group, with a measured 
resistance after papaverine <0-9 p.r.u., failed because of a conduit 
problem. If the resistance measurements had been used in conjunction 
with the capacity ratio, the results below can be obtained with regard 
to graft failure. 








Resistance 
Resistance Resistance >09 p.r.u. and 
>ipru >0-9 p.r.u. capacity ratio <10% 
Sensitivity (%) 58 75 92 
Specificity (%) 99 97 97 
Accuracy (%) 94 94 97 





Haemodynamic measurements are a useful indicator of outcome 
provided that some assessment of conduit function is included. 


Minimally invasive femorodistal vein bypass 


A.H. Davies, T.R. Magee, J.F. Thompson, Z.S. Varga, 
R.N. Baird, P.M. Lamont and M. Horrocks, Bristol Royal 
Infirmary, Bristol, UK 


Angioscopy has the potential for use in vein graft preparation, allowing 
valve lysis and identification of tributaries under direct vision. Before 
the present study, angioscopic valve lysis had been performed in 21 
fully mobilized vein grafts. Twelve patients underwent minimally 
invasive angioscopic femorodistal bypass using either an Olympus or 
Storz system. Some 61 valves were destroyed under direct vision using 
a flexible valvulotome. A total of 68 tributaries were identified by the 
angioscope; a small stab incision was made and the tributary then 
ligated. No evidence of fistula was found by subsequent duplex scanning 
and arteriography. One patient had a retained valve cusp that required 
reoperation at 1 week. One graft failed at 6 days secondary to an 
outflow stenosis, The mean volume of irrigating fluid used was 600 
(range 350-1700) ml. The mean (range) hospital stay after surgery 
was 5-2 (4-0--7-0) days compared with 9-5 (8-0—-12-0) days in a historical 
group of 30 patients (P <0-001). Early experience suggests that 
hospital stay may be significantly reduced by ‘minimally invasive’ in 
situ femorodistal bypass. 


Outpatient clinic follow-up after arterial reconstruction 


J. Dunn, T. Elliot, J. Lavy, A. Bell, V.F.M. Kernick and 
W.B. Campbell, Royal Devon and Exeter Hospital, Exeter, UK 


By tradition, many surgeons review patients regularly in the long term 
after arterial reconstruction. However, Harris! has recommended that 
patients should be seen only once in the clinic after operation and, 
thereafter, up to 1 year only for graft imaging if appropriate. The 
authors have for several years pursued a policy of minimal clinical 
follow-up and the present study examined the results and views of 
patients on this approach (before introduction of duplex surveillance). 

All patients who had grafts for occlusive disease of arteries to the 
lower limbs during 1987 to 1989 were reviewed, using only case notes 
if graft failure, limb loss or death was documented, and by using 
structured interview and examination for the remainder. There were 
172 patients (116 men) aged 40-95 (median 71) years undergoing 179 
procedures: 48 aortoiliofemoral grafts and 131 infrainguinal reconstruc- 
tions. During the review period of 30-66 months, 100 patients 
(58 per cent) lost limbs or died. 

Of the patients available for review, 49 (86 per cent) described 
continuing symptomatic improvement. A median of 1 (range 0-6) 
postoperative appointment was received by this group. Thirty-nine 
patients (68 per cent) found one follow-up appointment helpful for 
reassurance and 36 (63 per cent) considered further regular hospital 
review unnecessary. A total of 44 of 55 grafts (80 per cent) assessed 
by clinical examination and Doppler ultrasonography were patent; 
however, 14 patients (25 per cent) had recommenced smoking. 

This study suggests a policy of minimal clinic follow-up is acceptable 
to the majority of patients. Patients are educated to attend immediately 
in the event of ischaemic symptoms. The authors believe that simple 
clinic follow-up confers little benefit in the prevention of graft occlusion. 


1. Harris PL. Follow-up after reconstructive arterial surgery. Eur J 
Vase Surg 1991; 5: 369-73. 
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Chronic critical leg ischaemia must be redefined 


R.D. Sayers, M.M. Thompson, K. Varty, J.S. Budd, 
A.R. Naylor, M. Gaunt, D.A. Ratliff, N.J.M. London and 
P.R.F. Bell, Leicester Royal Infirmary, Leicester, UK 


The European Consensus Document! defines critical limb ischaemia 
in non-diabetic patients as rest pain or tissue necrosis (ulceration or 
gangrene) with an ankle systolic pressure <50 mmHg. To determine 
the clinical relevance of this definition, the present study reviewed 154 
ischaemic limbs in 124 non-diabetic patients who presented with rest 
pain, tissue necrosis or a combination of these. The median age was 
73 (range 48-90) years, with a male:female ratio of 23:1. 

Only 49 per cent of limbs fulfilled the current definition (ankle 
systolic pressure <50 mmHg); 51 per cent had a pressure > 50 mmHg 
and were thus not defined as critically ischaemic. Limb salvage and 


- mortality rates of limbs with an ankle systolic pressure <50 mmHg 


were compared with those of limbs with a pressure >50 mmHg. The 
results are shown below, expressed as percentages and actuarial survival 
tates as determined by life-table analysis. 








Ankle systolic Tissue Limb salvage Mortality rate 
pressure necrosis rate at 9 at 24 months 
(mmHg) No. (%) months (%) (%) 

<50 76 40 727 45-9 

>50 3 5 74-5 21-9 





There are no significant differences between any of the categories 
(x? or log rank test). The results show that an ankle systolic pressure 
<50 mmHg does not predict the presentation or outcome of patients 
with severe limb ischaemia. The current definition of critical limb 
ischaemia based on an arbitrary ankle systolic pressure of <50 mmHg 
is inadequate and needs to be revised. 


1. Dormandy J, ed. European Consensus Document on Critical Limb 
Ischaemia. Berlin: Springer-Verlag, 1989. 


Polytetrafluoroethylene grafts and vein collars: clinical and 
histological evidence from intimal hyperplasia 

M. Tyrrell, N.J. Cheshire and J.H.N. Wolfe, St Mary's Hospital, 
London, UK 


Since 1984, 71 > 60-cm polytetrafluoroethylene (PTFE) grafts to crural 
arteries (21 per cent of all crural grafts) have been performed, giving 
primary and assisted patency rates of 46 and 61 per cent at 1 year and 
33 and 49 per cent at 3 years (i.e. 25 per cent worse than similar vein 
grafts). All grafts were inserted for critical ischaemia (37 per cent rest 
pain, pressure <40 mmHg; 37 per cent rest pain, ulceration or 
gangrene; 26 per cent concomitant minor amputations) and irreversible 
graft failure led to amputation in 97 per cent of patients. Technical 
advantages alone do not explain these better long-term results. There 
is consistently less distortion of the artery using the vein collar and the 
exponential increase in distortion with decreasing diameter means that 
these changes become critical in crural vessels. Since vein wall is 
anisotropic, the collar optimizes vein compliance. As a result of these 
studies the configuration of the collar has been altered to improve its 
haemodynamics. 

At least one-third of prosthetic grafts occlude because of 
anastomotic intimal hyperplasia in the recipient artery. Ten venous 
collars have been retrieved following amputation; all had stenosis at 
the PTFE-collar anastomosis but the recipient artery was spared. 
Histological examination confirmed intimal hyperplasia. Thrombolysis 
has shown one 90 per cent stenosis at the graft—collar anastomosis but 
a normal recipient artery in one patient; in another patient an 
undamaged artery has been shown after graft occlusion. It is concluded 
that experimental data and clinical experience show that a vein collar 
has a sufficient diameter and compliance to minimize and alter the site 
of intimal hyperplasia and protect the recipient crural artery. 


Arteriography as an outpatient procedure 
S. Malthouse, C. Ludman, J. Reidy and P. Taylor, Guy's 
Hospital, London, UK 


Diagnostic arteriography was previously performed using in-hospital 
beds and involved an overnight stay. Recently, patients have required 
observation for 2—4 h following angiography with 4- or 5-Fr catheters. 
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Although this procedure is safe, problems can occur, particularly in 
the elderly. 

Over the past 2 years, 500 patients have been studied using a 3-Fr 
catheter set with flow rates up to 6mls~! and digital subtraction 
angiography (DSA). The 3-Fr catheters have just over half the 
cross-sectional area of a 4-Fr catheter measuring 1 mm in diameter. 
Following catheter withdrawal, pressure was applied to the puncture 
site for 5 min. The patient remained supine for 30 min and was then 
allowed home. The main indications were suspected renal or peripheral 
vascular disease and graft surveillance. 

The use of the catheter set was straightforward with the advantage 
that there was no difficulty introducing the catheter into scarred groins 
or synthetic grafts. There were no major technical problems at the flow 
rates used. Image quality was excellent throughout; no patient required 
further diagnostic angiography. Apart from one minor bruise there was 
no immediate or late complication. All outpatients were allowed home 
1h after the procedure. 

In addition, 15 inpatients who underwent anticoagulation have been 
studied. All were receiving warfarin, with a prothrombin time greater 
than twice normal. Puncture-site pressure was applied for 10 min and 
patients mobilized 1 h after the procedure. None developed haematoma 
or other problem. 

It is concluded that, in centres where DSA is available, all renal 
and peripheral non-selective arteriography can be performed safely as 
a true outpatient procedure using 3-Fr catheters. 


Radionuclide assessment of peripheral arterial disease using 
99™T¢-labelled methoxyisobutylisonitrile 


G.M. Morris, K.A. Miles, CJ. Occleshaw and DJ. Li, 
Addenbrooke’s Hospital, Cambridge, UK 


Thallium-201 has been used to investigate peripheral arterial disease; 
it has provided useful information about muscle blood flow but has 
not been widely adopted because of poor spatial resolution. A new 
agent, 9°"Tc-labelled methoxyisobutylisonitrile (MIBI) is used to 
assess muscle perfusion; this label enables better spatial resolution. The 
technique has been described in detail elsewhere’. 

A total of 17 patients with angiographically proven peripheral 
arterial disease and 11 controls were studied. Exercise calf muscle 
perfusion was significantly reduced in patients with peripheral arterial 
disease (P < 1076) with a sensitivity of 94 per cent and specificity of 
95 per cent for diagnosis of disease. There were significant correlations 
in disease severity as assessed with ?°"Tc-MIBI and angiography 
(r = 0-54, P < 0-0001) and Doppler ankle: brachial pressures (r = 0-64, 
P < 0-002), Muscle uptake increased after successful angioplasty in two 
patients. Simultaneous radionuclide angiography allowed diagnosis of 
a 2-cm popliteal aneurysm in one patient. Emission tomography allows 
evaluation of regional variations in perfusion of the calf. 

Unlike Doppler measurements, the present technique benefits from 
assessing muscle perfusion at the cellular level. It successfully diagnoses 
and evaluates peripheral arterial disease and is likely to be of most 
benefit to patients such as diabetics, in whom Doppler studies may be 
inaccurate. 


1. Miles KA, Barber RW, Wraight EP, Cooper M, Appleton DS. 
Leg ‘muscle scintigraphy with °°Tc™-MIBI in the assessment of 
peripheral vascular (arterial) disease. Nucl Med Commun 1992; 
13: 593-603. 


Early results of a gentle exercise class for intermittent 
claudication 
N.C. Hickey, A.E. Taylor, R.P. Grumley and S.H. Silverman, 


Wordsley Hospital, Stourbridge and Queen Elizabeth Hospital, 
Birmingham, UK 


Exercise is believed to increase walking distances in patients with 
intermittent claudication, but intensive exercise classes remain 
unpopular, despite some encouraging published results. This may be 
due to cost, fears of safety (systemic effects of claudication) or poor 
compliance. The use of a less demanding exercise regimen has therefore 
been investigated. 

Stable claudicants attended an exercise class run by a 
physiotherapist, for 2 h, one morning per week for 6 weeks. Maximum 
walking distance was measured at the beginning and end of this period. 
Forty-two of 45 claudicants increased maximum walking distance, by 
a mean of 151 per cent, including nine who were stopped after 15 min 
pain-free walking at the second assessment. The median (range) 
maximum walking distance increased from 161 (37-606) m to 385 
(57-1207) m (P < 0-001, Wilcoxon signed rank test). To date, 18 


528 


patients have been reassessed at 6 months and increased maximum 
walking distance has been maintained in 15 (P < 0001, Wilcoxon 
signed rank test). 

These encouraging results are comparable to those achieved by 
more intensive regimens. A controlled trial investigating the local and 
systemic effects of gentle and intensive exercise in claudicants is planned, 
but it is suggested that a gentle exercise class is safe and effective in 
the management of intermittent claudication. 


Haematological parameters and prediction of bleeding during 
peripheral thrombolysis : 

R.J. Lonsdale, J.C. Westby, P.W. Wenham, B.R. Hopkinson 
and G.S. Makin, University Hospital, Nottingham, UK 


All thrombolytic agents induce, to a variable extent, a systemic 
fibrinolytic state that may play a role in causing haemorrhagic 
complications. This study investigated whether patients who bleed 
during thrombolysis can be distinguished from those who do not by 
comparing haematological indices from 19 patients who suffered major 
haemorrhagic complications during thrombolysis with results from 160 
similarly treated patients in whom bleeding did not occur. 

Patients received one of three different thrombolytic agents: 
streptokinase, Eminase (Smith Beecham) or recombinant tissue 
plasminogen activator, by either local or systemic infusion. Plasma 
fibrinogen (Fib.), plasminogen (Plas.), fibrin(ogen) degradation 
products (FDPs), cross-linked fibrin degradation products (XDPs), 
euglobulin clot lysis time (ELT), @,-antiplasmin (a,-AP) and 
coagulation times were measured at two timepoints before lysis (sample 
1) and after 16-20 h therapy (sample 2). 








Fib. Plas. FDPs XDPs ELT arAP APTT TCT 
Sample A (%) (mp) a) w (%) INR) (5) 
1 
Bleeding 38 95 <8 <250 243 86 11 41 16 
No bleeding 45 96 <8 <250 255 9% ii 45 17 
2 
Bleeding 28 49 60 500300 130 41 21 
No bleeding 28 62 40 1000 35 3% 12 47 23 





Values are mean or median, as appropriate. INR, international normalized ratio; APTT, 
activated partial thromboplastin time; TCT, thrombin clotung time 


Haematological and fibrinolytic parameters in patients who suffer 
haemorrhagic complications during thrombolysis do not differ 
significantly from those in patients who do not. Monitoring of these 
fibrinolytic parameters is of no benefit in predicting haemorrhagic 
complications and the inability to measure these parameters should 
not therefore prevent the use of peripheral thrombolysis. 


The yon Willebrand factor in atherosclerotic vascular disease 


A.D. Blann, A. Fisher, D. Taberner and C.N. McCollum, 
University Hospital of South Manchester, Manchester, UK 


Myocardial infarction and peripheral vascular disease are varieties of 
atherosclerosis in which endothelial injury and thrombosis are 
important. The von Willebrand factor antigen (vWFAg), released by 
damaged endothelium, mediates platelet adhesion and aggregation, and 
circulating levels are increased by the risk factors for atherosclerosis. 
vWFAg (using an enzyme-linked immunosorbent assay) and risk 
factors were measured in non-diabetic patients with peripheral vascular 
disease, patients 6 weeks after myocardial infarction, and asymptomatic 
hospital staff and attenders at endoscopy, hernia and varicose vein 
clinics as controls; all were controlled for smoking, age and sex. Data 
were analysed by the Mann-Whitney U test and analysis of variance. 

Mean(s.d.)} serum vWFAg in 111 patients with peripheral vascular 
disease was 132(39) (P < 00001) compared with 102(36) units dl7? 
in controls and 140(36) units dl~! in 63 patients following myocardial 
infarction (P < 00002). These differences were influenced by 
hypertension (blood pressure > 140/90 mmHg) and hyperlipidaemia 
(cholesterol >7mmol!~*) but not cigarette smoking, glucose or 
fibrinogen. 

In 61 patients with peripheral vascular disease and either hyper- 
tension (n = 50) and/or hypercholesterolaemia (n = 28), mean(s.d.) 
vWFAg was 137(33) units dl~}, no higher than in 50 patients with 
peripheral vascular disease without these risk factors (145(40) 
units dl~ +). However, in ischaemic heart disease, mean(s.d.) VWFAg 
in 24 patients with these risk factors (hypercholesterolaemia n = 15, 
hypertension n = 9) was 154(38) units dl~', compared with lower levels 
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(120(34) units di~!) in 39 patients without these risk factors 
(P <0-0015). 

The level of VWFAg was increased irrespective of hypertension 
and/or hypercholesterolaemia in patients with peripheral vascular 
disease but in those with ischaemic heart disease it was significantly 
higher with these risk factors. A different pathophysiology may be 
involved in a proportion of survivors of myocardial infarction. 


Tissue factor is more relevant to arterial haemorrhage than to 
thrombosis 


S.R. Baker, S.E. Hughes, M. Zitka, J.H. McVey*, P. Hall and 
K.G. Burnand, St Thomas’ Hospital and *Clinical Research 
Centre, Northwick Park, London, UK 


Tissue factor is a cellular protein that initiates the extrinsic coagulation 
pathway. In vitro experiments on cultured endothelial cells have shown 
that endotoxin and other inflammatory mediators can induce the 
production of tissue factor, and this may be the first step in intravascular 
thrombosis. 

Tissue factor in vivo in the thoracic aorta of male New Zealand 
White rabbits given intravenous endotoxin (0-05 mg kg~') was studied. 
The aorta was harvested under general anaesthesia, divided 
longitudinally and placed in an assembly exposing the endothelial 
surface. A functional assay was performed with human coagulation 
factors VII and X which relied on a colorimetric change proportional 
to the concentration of tissue factor present. The median (range) 
concentration of tissue factor in normal rabbits (n = 10) was 00 
(0-0-0-6) units1~1, and in rabbits treated with endotoxin was 0-0 
(0-0--0-3) units 171. There was no difference between normal and treated 
rabbits, indicating no increase in production of tissue factor in the 
endothelium of the treated group (P = 0-46, Mann-Whitney U test). 

In situ hybridization was performed to detect messenger RNA 
responsible for tissue factor production. The RNA gene probe was 
transcribed from human tissue factor complementary DNA. Specimens 
of thoracic aorta from normal and endotoxin-treated rabbits were 
assessed. Rabbit monocytes treated with endotoxin were used as a 
positive control. Tissue factor messenger RNA was not detected in the 
endothelium or adventitia of normal rabbits (n = 3); nor was it detected 
in the endothelium of animals treated with endotoxin (n = 3). However, 
messenger RNA for tissue factor was detected in the adventitia of the 
endotoxin-treated animals. 

Endotoxin increases the production of tissue factor in the adventitia, 
where it may have an important role in the arrest of haemorrhage from 
damaged blood vessels. Tissue factor was not produced by the 
endothelium in response to endotoxin, and may not indicate 
thrombosis, but the role of monocytes that are capable of manufacturing 
tissue factor remains to be determined. 


Thrombolysis of occluded infrainguinal vein grafts before 
operative intervention 


LS. Paterson, S. Darby, F.C.T. Smith, G.M.K. Tsang, 
J.D. Hamer and C.P. Shearman, Queen Elizabeth Hospital, 
Birmingham, UK 


Long saphenous vein graft occlusion results in limb-threatening 
ischaemia. Despite vein graft surveillance the first presentation may be 
with occlusion. Revascularization is facilitated if the aetiology of the 
occlusion is known before operation. A consecutive series of 31 patients 
presenting 7—19 days after occlusion of an infrainguinal long saphenous 
vein graft initially inserted for critical ischaemia have been prospectively 
studied to assess the outcome of thrombolysis with intraluminal 
recombinant tissue plasminogen activator (tPA). 

Catheter placement failed in three patients but thrombolysis was 
successful in 28 within 24 h, revealing an inflow problem in five, graft 
stenosis in eight, distal anastomotic stenosis in five and distal disease 
progression in seven. Three patients appeared to have no technical 
problem and received anticoagulation. 

Successful revascularization was achieved in 18 patients (58 per cent) 
by operative or radiological intervention directed at the aetiology of 
the occlusion. This compares favourably with 43 per cent of patients 
in a retrospective series who did not receive tPA before surgery. 
Thrombolysis-related complications were confined to a false femoral 
aneurysm, a retroperitoneal haemorrhage and rhabdomyolysis-related 
renal failure. : 

The results suggest that intra-arterial thrombolysis with tPA is a 
valuable preliminary investigation to determine the aetiology of long 
saphenous vein graft failure allowing directed intervention. A 
prospective randomized study is now required. 
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Tissue-cultured graft as an ideal endothelial cell attachment 
substrate 


T.F. Browne, S.L. Haynes, G.A. Davies and R.C. Kester, 
Killingbeck Hospital, Leeds, UK 


The concept of endothelial cell seeding to reduce graft thrombogenicity 
has received much attention, but in practice has yielded little success 
to date. This may be the result of using unsuitable synthetic substrates 
or attachment factors that provide only temporary benefit. An 
alternative approach is presented in which the substrate for endothelial 
cell attachment more closely resembles the in vivo situation. 

Vascular cell types were isolated from human saphenous vein. 
Smooth muscle cells (SMCs ) were harvested using an explant technique 
and successfully grown to fourth passage, i.e. an 81-fold increase in 
cell number. Endothelial cells were harvested by enzymatic cleavage 
and, using a medium containing growth factors, heparin and human 
serum, were subsequently cultured to third passage, i.e. a 27-fold 
increase in cell number. The cultured endothelium retained biochemical 
function as demonstrated by plasminogen activator production and 
inhibition of platelet aggregation. Acid-solubilized type I collagen was 
recovered from minced tendon by a two-step process and its purity 
assessed by sodium dodecylsulphate polyacrylamide gel electrophoresis. 
The collagen was then neutralized in a gel containing the human SMC, 
culture media and pooled human serum. Over a period of 2 weeks the 
collagen was organized by the SMC into a fibrous tissue-like structure. 
Under scanning electron microscopy this structure closely resembled 
the subendothelium of vein. Human saphenous vein endothelial cells 
were then seeded supraconfluently (5-7 x 10* cm~?) without attach- 
ment factors on to the collagen matrix. After 1 week in culture the 
endothelium was shown to be organized into a smooth pavemented 
confluent monolayer with tight junctions. Histological analysis showed 
the endothelial monolayer to be well incorporated on the surface of 
the collagen matrix. 

In conclusion, a cell-populated collagenous matrix appears to 
provide an ideal surface for endothelial seeding. 


Risk factors for recurrence in patients with healed leg ulceration 


PJ. Franks, CJ. Moffatt, M.I. Oldroyd, E.J. Sharp and 
R.M. Greenhalgh, Charing Cross Hospital, London, UK 


Compression stockings are prescribed to patients with newly healed 
venous ulcers, yet little is known of their effectiveness in preventing 
ulcer recurrence. 

Patients with recently healed ulcers were assessed for use of 
stockings. Those suitable for stockings were randomized to one of two 
class II stockings (Duomed versus Scholl) and followed for up to 18 
months. In all, 189 patients were entered in the study, of whom 167 
were considered to be suitable for stockings and were randomized 
accordingly. The remainder either required ‘made-to-measure’ 
stockings (five patients) or could not tolerate stockings at all (17). 
The overall cumulative recurrence rate was 11 per cent at 3 months, 
25 per cent at 12 months and 29 per cent at 18 months. The recurrence 
rate was 34 per cent in patients not given stockings compared with 
25 per cent in those given stockings (P = 0-004). The randomized 
groups showed no significant difference in cumulative recurrence rate 
(22 versus 28 per cent, P = 0-88). 

Factors that predicted ulcer recurrence were previous ulcer size 
>10cm? (relative risk 2:18 (95 per cent confidence interval (c.i) 
1:15-4:14), P =0-002), failing to wear support stockings all day 
(relative risk 4-57 (95 per cent c.i. 1:80-11:63), P = 0-002) and failing 
to wear stockings every day (relative risk 2:73 (95 per cent ci. 
1:06-7:05), P = 0-031). Factors not significantly associated with 
recurrence included ankle:brachial pressure index <0-9, hypertension 
and diabetes. ` 

This study has indicated the importance of stockings in the 
prevention of leg ulcer recurrence. 


Foot volumetry and duplex ultrasonography in patients with 
recurrent venous ulceration after subfascial ligation of 
perforating veins 


A.W. Bradbury, P.A. Stonebridge, M.J. Callam, P.L. Allan and 
C.V. Ruckley, The Royal Infirmary, Edinburgh, UK 


Forty-three consecutive patients undergoing subfascial ligation of 
perforators as part of surgery for recurrent venous ulceration underwent 
preoperative foot volumetry and postoperative duplex ultrasonography. 
Patients were followed for a median of 66 (range 18-144) months. Of 
nine patients developing recurrent ulceration, six had femoral vein 
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incompetence (FVI) and all had popliteal vein incompetence (PVI). 
Of the 34 patients remaining ulcer-free, five had FVI and one PVI, 
giving FVI and PVI positive predictive values for recurrent ulceration 
of 54 and 90 per cent respectively. Patients with saphenofemoral but 
not saphenopopliteal incompetence were also more likely to suffer 
recurrence. Foot volumetry with tourniquet occlusion of superficial 
veins showed the median (range) expulsion fraction of patients with 
recurrent ulcer disease to be 0-8 (0-6-2:3) per cent, compared with 1-4 
(0-4-2-9) per cent for those without (P = 0-025); the median (range) 
half-refilling time of patients with recurrent ulcer was 1-5 (0-5—5-5) s, 
compared with 5-0 (0-5-23-0)s for those without (P < 0-01). Deep 
venous incompetence, particularly of the popliteal segment, as shown 
by duplex scanning and foot volumetry is therefore associated with a 
high incidence of recurrent ulceration after subfascial ligation. It is 
suggested that this group of patients be treated conservatively or 
considered for reconstructive venous surgery. 


Infrapopliteal angioplasty: a safe and successful procedure 


N.J.M. London, R. Srinivasan, K. Varty, D.A. Ratliff, 
P.R.F. Bell and A. Bolia, Leicester Royal Infirmary, Leicester, 
UK 


During a 65-month period, 40 infrapopliteal percutaneous transluminal 
angioplasties (PTAs) have been performed in 38 patients. Thirty 
(79 per cent) of the patients were men, 17 (45 per cent) were diabetic 
and 11 (29 percent) admitted to continued smoking. Of the procedures, 
20 (50 per cent) were for intermittent claudication, six (15 per cent) 
for rest pain alone, four (10 per cent) for ulceration and ten (25 per cent) 
for gangrene. A total of 21 procedures (52 per cent) were to 
infrapopliteal vessels alone, 16 (40 per cent) to infrapopliteal vessels 
plus one other arterial segment and three (8 per cent) to infrapopliteal 
vessels plus two other arterial segments. Some 17 (42 per cent) of the 
infrapopliteal procedures were to the anterior tibial artery alone, eight 
(20 per cent) to the tibioperoneal trunk, four (10 per cent) to the 
posterior tibial artery, seven (18 per cent) to the peroneal artery and 
four (10 per cent) to multiple infrapopliteal vessels. There were two 
complications (5 per cent), both distal emboli that were aspirated 
percutaneously. There were no deaths or limb losses related to the 
angioplasty procedure. 

There was one technical failure; the remaining 39 limbs (98 per cent) 
were clinically improved by 24 h and this improvement was sustained 
at 3 months in 36 (90 per cent). Ten of the 14 procedures performed 
for ulceration or gangrene resulted in healing with only minor surgical 
intervention. The actuarial symptomatic patency rate at 2 years was 
60 per cent; the haemodynamic patency rate was 68 per cent assessed 
on the basis of further arteriograms and/or ankle pressures in the 
angioplastied vessel. The 2-year actuarial haemodynamic patency rate 
was not significantly different in limbs that had undergone PTA of the 
infrapopliteal vessel alone (63 per cent) or in combination with another 
arterial segment (75 per cent) {P = 0-39, log rank test). The 2-year 
actuarial limb salvage rate for the 20 patients with critical ischaemia 
was 79 per cent. 

In conclusion, PTA of the infrapopliteal vessels can be performed 
with a low complication rate (5 per cent) and produce a symptomatic 
improvement in 60 per cent of all limbs at 2 years. In critically ischaemic 
limbs, infrapopliteal vessel angioplasty can result in a 2-year limb 
salvage rate of 79 per cent and lead to healing in 71 per cent of limbs 
with ulceration or gangrene. 


Percutaneous transluminal angioplasty and the critically 
ischaemic limb 

N.J.M. London, R. Srinivasan, R. Sayers, M. Thompson, 
K. Varty, D.A. Ratliff, P.R.F. Bell and A. Bolia, Leicester Royal 
Infirmary, Leicester, UK 


During the 41-month period June 1988 to October 1991, 233 limbs 
presented with critical ischaemia; 55 (24 per cent) were treated by 
percutaneous transluminal angioplasty (PTA) alone and five 
(2 per cent) by a combination of PTA and surgery (three iliac PTAs 
before femorodistal bypass, two iliac PTAs before iliofemoral crossover 
bypass). The 55 limbs treated by PTA alone were in 53 patients with 
a median age of 78 (range 49-89) years; 40 (75 per cent) were men, 
26 (49 per cent) were diabetic, 24 (45 per cent) were hypertensive, 
19 (36 per cent) had symptomatic coronary artery disease and ten 
(19 per cent) had symptomatic cerebrovascular disease. 

Twenty (36 per cent) of the 55 limbs treated by PTA alone caused 
rest pain, 16 (29 per cent) had ulceration and 19 (35 per cent) had 
gangrene. The median ankle: brachial pressure index (ABPI) was 0-43 
(range 0-22-0-85). The primary reason for choosing PTA was high 


anaesthetic risk in 29 cases (53 per cent) and eminent suitability for 
PTA in 26 (47 per cent). Forty-two procedures (76 per cent) were to 
a single arterial segment, 12 (22 per cent) to two segments and one 
(2 per cent) to three segments; 45 procedures (65 per cent) were for 
stenosis and 24 (35 per cent) for occlusion. The most distal PTA was 
at or below the popliteal artery in 16 of 55 procedures (29 per cent). 
There were three complications, all minor emboli that were successfully 
aspirated percutaneously. There were no deaths or tissue loss directly 
attributable to PTA. 

Five PTAs (9 per cent) were technical failures and a total of seven 
procedures (13 per cent) failed to produce a symptomatic improvement. 
The median increase in ABPI was 0:25 (range 0:00-0:65), with 
87 per cent of patients experiencing an immediate symptomatic 
improvement that was maintained in 85 per cent at 3 months. Some 
80 per cent of limbs with ulceration or gangrene had healed with minor 
surgery by a median of 7-5 (range 3-18) months. The 36-month 
haemodynamic and symptomatic actuarial patency rates were 78 and 
77 per cent. The actuarial patency rate at 36 months was significantly 
less for procedures at or below the popliteal artery (71 per cent) than 
for those above (94 per cent) (P = 0-034, log rank test). The actuarial 
limb salvage rate at 36 months was 89 per cent and patient survival 
76 per cent. 

It is concluded that PTA has a crucial role to play in the 
management of the critically ischaemic limb. Of limbs treated by PTA 
alone (24 per cent of the total), the majority (87 per cent) improved 
immediately, with a 3-year actuarial haemodynamic patency rate, 
including technical failures, of 78 per cent and a limb salvage rate at 
3 years of 89 per cent. 


Subintimal angioplasty of femoropopliteal artery occlusion: 
long-term results 


NJ.M. London, R. Srinivasan, R. Sayers, A.R. Naylor, 
D.A. Ratliff, P.R.F. Bell and A. Bolia, Leicester Royal 
Infirmary, Leicester, UK 


From January 1987 to April 1992 the technique of subintimal 
percutaneous transluminal angioplasty (PTA) was attempted on 200 
consecutive femoropopliteal artery occlusions. The median length of 
occlusion was 11 (range 2-37) cm; 178 procedures (89 per cent) were 
performed for claudication and 22 (11 per cent) for critical ischaemia. 
The principle of the technique is deliberately to enter the subintimal 
plane immediately proximal to the occlusion, traverse the occlusion in 
the subintimal plane, and exit immediately distal to the occlusion. 
Recanalization is then achieved by inflating the angioplasty balloon 
within the subintimal space. 

The initial technical success rate was 159 of 200 procedures 
(80 per cent) and was not significantly different for occlusions < 10cm 
(81 per cent, n = 73), 11-20cm (83 per cent, n = 63) or >20cm 
(68 per cent, n = 23) in length {P = 0-20). There were two serious 
complications (1 per cent): one retroperitoneal and one scrotal 
haematoma, both requiring surgical evacuation. There were no deaths 
or limb losses resulting from the procedure. 

The median (range) ankle: brachial pressure index increased from 
0-61 (0-21-10) before to 0:90 (0:26-1:50) after PTA. The actuarial 
haemodynamic patency rates at 12 and 48 months were 71 and 
41 per cent respectively; the symptomatic patency rates were 73 and 
51 per cent. Multiple regression analysis using the Cox proportional 
hazards method (variables of sex, diabetes, claudication/critical 
ischaemia, hypertension, smoking, aspirin use, calf vessel run-off, 
femoral artery diameter, occlusion length ) showed that smoking carried 
a risk multiplier of 2-70 (P < 0-001), each additional run-off vessel 
reduced the relative risk by 0:54 (P < 0-001) and the risk increased by 
1-73 (P = 0-02) for every 10 cm of occlusion. No other variable was 
significant. 

In conclusion, the technical success rate of subintimal angioplasty 
for femoropopliteal occlusion is unrelated to the length of the lesion 
because the occlusion is traversed in an extraluminal plane. Excellent 
cumulative symptomatic and haemodynamic patency rates can be 
achieved at 4 years (51 and 41 per cent respectively) with a low 
complication rate. The factors influencing patency at 4 years were 
smoking, the number of calf run-off vessels and length of occlusion. 


Femoropopliteal angioplasty for severe limb ischaemia 
I.C. Currie, C. Wakeley, S.E.A. Cole, M.G. Wyatt, R.N. Baird 
and M. Horrocks, Bristol Royal Infirmary, Bristol, UK 


Percutaneous transluminal angioplasty (PTA) is established in the 
treatment of short isolated lesions in claudicants but its role in critical 
ischaemia is controversial. 
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Between July 1983 and July 1987, 50 patients underwent 51 PTA 
procedures to the femoropopliteal segment for critical ischaemia. 
Twenty had distal gangrene, 13 persistent foot ulcers, and 17 rest pain 
with ankle pressure <60 mmHg. Criteria for success were a rise of 0-1 
in the ankle:brachial pressure index and symptomatic improvement. 
Patients were seen and regularly assessed in a vascular studies unit. 
Angiograms were independently reviewed and scored by vascular 
radiologists. 

There were eight complications: seven occurred during attempts to 
dilate long (>5cm) occlusions. Five of these patients subsequently 
underwent amputation. Secondary procedures after PTA are shown 
below. 








Failed Failed after Successful after 
attempt <6 months 26 months 
(n=11) (n= 25) (n= 14) 

Amputation 8 8 1 

Bypass surgery 2 4 0 

PTA or streptokinase | 5 0 





Primary and secondary limb salvage rates at 2 years were 51 and 
66 per cent respectively. Patients with long lesions and poor run-off 
had a high failure rate. Of 23 long occlusions dilated, 22 failed. Of 14 
patients with successful results at 6 months, 13 had short lesions dilated. 

Overall, angioplasty had a low chance of long-term success; 
however, selected patients obtained limb salvage from a minimally 
invasive procedure. On the basis of this series, angioplasty of long 
lesions is associated with high complication and failure rates and PTA 
should be reserved for patients with short occlusions. 


Haemodynamic changes following percutaneous transluminal 
angioplasty of the lower limb 


S.A. Ray, T.M. Buckenham, R.S. Taylor and J.D. Dormandy, 
St George's Hospital, London, UK 


The haemodynamic changes following percutaneous transluminal 
angioplasty (PTA) of the lower limb have not been extensively studied, 
especially during the first 24h. Recent work has suggested an 
inexplicable delay of up to 1 month in reaching the final ankle: brachial 
pressure index after successful PTA. Although antispasmodic drugs are 
often given empirically after PTA, there is no evidence supporting their 
use or studies of their effects on haemodynamic changes. 

A total of 24 patients undergoing technically successful PTA of the 
lower limb were randomized to receive a single intra-arterial bolus of 
either 150 ug glyceryl trinitrate or saline immediately after completion 
of the procedure. Toe:brachial pressure indices and laser Doppler 
fluxmetry were closely monitored in the first 24h and measurements 
repeated after 1 week and 1 month. 

The group given saline (n = 11) showed no significant haemo- 
dynamic improvement for 6h following PTA, after which the 
toe:brachial index increased slowly over 1 month. The group given 
glyceryl trinitrate (n = 13) showed an immediate peak that subsided 
over 6 h before indices increased again slowly. The toe:brachial index 
attained at 1 month was similar to that reached immediately after 
administration of glyceryl trinitrate and was twice that reached in the 
group given saline. 

It has been shown, therefore, that there is a 6-h delay in the 
toe: brachial index rise following successful PTA and that the increase 
at 1 month is twice as great in patients given glyceryl trinitrate 
immediately after the procedure. There was a similar pattern in the 
laser Doppler flux results. 


Skeletal muscle reperfusion injury: role of the neutrophil and 
endothelium 


J.N. Crinnion, S. Homer-Vanniasinkam and M J. Gough, The 
General Infirmary, Leeds, UK 


Alterations in neutrophil and endothelial cell function promote skeletal 
muscle reperfusion injury, although their relative importance is unclear. 
Therefore in a rat model of 6-h unilateral hindlimb ischaemia and 4-h 
reperfusion, gastrocnemius muscle viability (nitroblue tetrazolium 
assay) and oedema (wet:dry weight) were assessed (experimental: 
contralateral norma! limb) in ten normal rats (no ischaemia), ten 
controls (6-h ischaemia and 4-h reperfusion ) and ten ischaemic animals 
(6-h ischaemia alone). Results were compared with those in 12 rats 
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rendered neutropenic by antineutrophil serum (ANS) and in 12 
receiving the leukotriene B, (neutrophil chemotaxis, activation) 
receptor antagonist (LTB, RA) SC41930 at 1 mg per kg per 4'5 h by 
intravenous infusion commencing 30 min before reperfusion. 

ANS reduced the median (range) neutrophil count before ischaemia 
from 825 (560-1355)mm7> in controls to 55 (40-145)mm73 
(P < 0-001). 








Group Viability index Oedema index 

Normal 1-00 (1:00-1:00) 1-00 (0-98-1-01) 
Ischaemia 1-00 (1:00-1:00) 1-01 (0-99-1-03) 
Control 0-53 (0:33--0°61) 1-61 (1-28-1-69) 
ANS 1-00 (1-00-1-00) 1-64 (1:37-—1-73) 
LTB, RA 1-00 (1:00-1:00) 1:08 (1-05—1-10) 





Values are median (interquartile range) 


The 6-h ischaemia caused neither muscle infarction nor oedema (P 
not significant versus normal), while reperfusion resulted in both 
{P < 0-01, control versus normal and ischaemia). These changes were 
prevented by the LTB, RA (P not significant versus normal and 
ischaemia; P < 0-01 versus control) but only muscle viability was 
preserved in neutropenic animals (P <0-01 versus control; P not 
significant versus normal and LTB, RA) with oedema still developing 
(P not significant versus control; P < 0-01 versus normal, ischaemia 
and LTB, RA). While the results confirm the role of neutrophils in 
the pathogenesis of postischaemic muscle necrosis, it appears that 
endothelial lipid peroxidation, an alternative source of LTB, in 
neutropenic animals, promotes the microcirculatory failure that 
characterizes reperfusion injury. 


Success and failure in graft surveillance: prospective trial results 


P. Taylor, D. King, Q. Zhang and J. Reidy, Guy’s Hospital, 
London, UK 


Quickscan (QS) is a disease-mapping technique using continuous-wave 
Doppler ultrasonography. This is offered as a superior alternative to 
ankle:brachial pressure index, impedance, colour duplex and digital 
subtraction angiography (DSA) in active maintenance of graft patency. 
Stenosis magnitude is expressed as an area ratio and can range between 
1:3 and 1:6 (equivalent to 42 per cent to over 75 per cent). Correlations 
using DSA as the ‘gold standard’ gave a sensitivity of 84 per cent and 
specificity of 91 per cent in detection of significant stenosis. The fate 
of 55 infrainguinal grafts has been followed using QS at a nominal 
interval of 6 weeks and DSA every 12 weeks. 

Graft material was polytetrafluoroethylene (29 grafts), reversed vein 
(14), in situ vein (nine) and hybrid constructions (three). There were 
five early failures, leaving 50 grafts for surveillance. 








Graft life 
Graft status No.* Stenosist (months )t 
Still patent 27 (54) None 8 (1-13) 
Stenosis 
No intervention 13 (26) 1:3 (1:3 to 1:4) 11 (3-12) 
Successful PTA . 1 (2) 1:6 11 patent 
Unsuccessful PTA 1 (2) 1:4 8 occluded 
Then occlusion 8 (16) 1:6 (1:3 to 1:6) 5 (1-8) 
occluded 


*Values in parentheses are percentages; tvalues in parentheses are 
ranges. PTA, percutaneous transluminal angioplasty 


Of the eight patients with occlusion, PTA was not attempted in 
two due to equivocal stenosis on DSA, one stenosis was inaccessible 
and five occluded without intervention. 

It is concluded that: 46 per cent of grafts developed significant 
stenoses 21:3; 20 per cent of grafts occluded after developing stenoses 
averaging 1:6; PTA should be applied rapidly once stenoses 21:4 
develop; and QS accuracy suggests that DSA could be reserved for 
intervention. The demand on scanning time imposed by the graft 
surveillance protocol has encouraged development of a new system. 
This portable unit is designed to achieve a 10-min graft assessment, 
supplying an unequivocal anatomical map of the disease process. 
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Natural history of the angioplastied artery 
J. Chambers, J. Henderson, H. Loose and J. Chamberlain, 
Freeman Hospital, Newcastle upon Tyne, UK 


Percutaneous transluminal angioplasty of superficial femoral artery 
lesions now has an accepted role in vascular surgical practice. The 
long-term effect of the vessel wall trauma caused by the balloon is not 
yet fully understood and hence the present study was undertaken. 

A total of 51 patients with 105 lesions (76 stenoses, 29 occlusions) 
were examined with detailed colour-flow duplex scanning before and 
1 day after balloon angioplasty. There were six immediate reocclusions; 
the remaining 45 patients were followed for at least 6 months or until 
further intervention. 

Duplex scanning showed that 39 patients had developed significant 
stenosis again. There have been 19 patients with 21 persistent 
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high-velocity lesions seen immediately after the procedure, Of these, 
15 improved but 11 were to become recurrent; nine showed plaque 
fracture dissection or thrombus at the time. Of the other six stenoses, 
three patients died and three stenoses persisted; only one showed 
dissection. There were also 14 patients with 21 recurrent lesions seen 
on duplex scan; 11 had plaque fractures, dissection or thrombus. 
Eighteen patients developed 20 new stenoses. Of these 39 patients, 20 
are symptomatic but only four are the same or worse than before. For 
these patients duplex evidence of haemodynamically significant stenosis 
occurred at a mean of 5:9 weeks but symptomatic onset was at a mean 
of 13-7 weeks. 

Duplex scanning detects a high incidence of recurrent stenoses after 
angioplasty (76 per cent); however, the rate of symptomatic recurrence 
is much less (39 per cent). Immediate postdilatation scanning reveals 
a particular group at high risk of recurrence, i.e. those with persistent 
high velocity in the presence of plaque fracture, dissection or thrombus. 





Frank Glenn Travelling Fellowship 1993 


The International Hepato-Biliary-Pancreatic Association invites applications for the above 
travelling Fellowship. A stipend of 500SFr is available to subsidize a young investigator in 
the field of hepatobiliary and pancreatic disorders. The applicant must be sponsored by a 
member of the Association. The stipend may be used to support a laboratory project and/or 
to subsidize travel expenses that are deemed appropriate to the field of investigation. Applicants 
must be under 40 years of age and should have an established record of at least one or several 
papers concerning liver, biliary or pancreatic disease. 


Applications should be made in writing and should include the following: 


1. A copy of the applicant’s curriculum vitae. 


2. A summary of 1-2 pages of a research protocol describing how the stipend is to be used. 
3. A letter of nomination from a member of the THBPA or the applicant’s Department 


Chair. 


Applications should be sent to: Professor A. Cuschieri, University Department of Surgery, 
Ninewells Hospital and Medical School, Dundee DD1 9SY, UK. Telephone: (0382) 60111 


Extn 2174; Fax: (0382) 641795. 
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Aortic revascularization of orthotopic 
liver allografts: Indications and 
long-term follow-up 


Hani A. Hennein, MD, Eric N. Mendeloff, MD, 
Jeremiah G. Turcotte, MD, John M. Ham, MD, 
Prabhakar Baliga, MD, Darrell A. Campbell, Jr., MD, 
and Robert M. Merion, MD, Ann Arbor, Mich. 


Background. Occasionally because of certain conditions that 
would imperil arterial supply to a hepatic graft, it is necessary 
to base the arterial supply on the aorta. 

Methods. Twenty orthotopic liver transplants (OLTs) in 19 
patients were performed with arterial revascularization based 
on the aorta (Ao-OLT). In two patients the donor celiac axis 
was anastomosed directly to the aorta and in 18 to a conduit 
anastomosed to either the supraceliac (n= 10) or infrarenal 
(n=8) aorta. 

Results. One thrombosis occurred 2 months after the 
placement of a supraceliac conduit in an adult patient, 
accounting for a cumulative I-year hepatic artery patency rate 
of 91.7% + 8.0% for 16 grafts placed in 15 adults and 
100% for four grafts placed in four children. In comparison, 
laniation was associated wiih a 
1-year patency rate of 92.6% +1.9% for 245 adults and 
94.7% +5.1% for 19 children (difference not significant 
‘compared with Ao-OLT). By logistic regression analysis, the 
only factor independently associated with hepatic artery 
thrombosis was retransplantation (I-year hepatic artery 
patency rate 85.7% 5.9% [n=38] for retransplants vs 
93.9% +1.7% for primary transplantation [n=246]; 
p< 0.05). For retransplantation, Ao-OLT revascularizations 
were superior to those based on the hepatic artery (1-year 
patency rate 100% [n=11] vs 79.9% +8.1% [n=27]; 
p <0. 05). 

Conclusions. Indications for Ao-OLT include poor hepatic 
arterial inflow, small or anomalous recipient hepatic arteries, 
friable or attenuated native hepatic arteries as may be present 
during retransplantation, and recipient age less than I year, 
especially those less than 15 kg or in whom the recipient artery 
is less than 3 mm in diameter. In these more precarious 
situations, Ao-OLT achieves patency rates similar to those of 
primary, uncomplicated OLT, is superior for retransplanta- 
tion, and has technical advantages in the small pediatric liver 
recipient. (SURGERY 1993;113:279-85.) 


Multiple primary melanoma: 
Incidence and risk factors in 283 
patients 


Craig L. Slingluff, Jr., Robin T. Vollmer, MD, and 
Hilliard F. Seigler, MD, Durham, N.C. 


To identify patients with melanoma at risk for a second 
primary lesion and to assess the prognostic relevance of 
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A selection from the March issue of the American journal. 





multiple primary lesions, 7816 patients treated for malignant 
melanoma have been reviewed. Two to nine primary lesions 
were identified in 283 patients (3.6%): lwo lesions were 
identified in 82% of these 283 patients, three lesions in 11%, 
and four lesions in 3%. Sixty-four percent were metachronous. 
Among patients with melanoma, the 10-year actuarial risk of 
a second primary lesion was 5%; a third of thal risk was 
expressed within 3 months of the initial diagnosis plus a 
subsequent risk of 0.38% per year. Risk factors for multiple 
primary lestons were family history of melanoma, thin 
primaries, male sex, Celtic complexion, and a history of 
another cancer. Patients with a family history of melanoma 
had a 14% risk of a second primary lesion during the first 
10 years after diagnosis. By univariate and multivariate 
analyses, there was no survival disadvantage for patients with 
multiple primary lesions. Afler median follow-ups of 3.7 and 
4.8 years, respectively, 51.7% and 50.5 % of the groups with 
single and multiple primaries were disease free. Mortality rates 
were 31% and 25%, respectively. It is appropriate lo base 
therapeutic decisions and prognostic evaluations on the 
specific risk factors of each individual lesion. Identification of 
patients at high risk for multiple primary lesions may permit 
early diagnosis and improved outcomes. (SURGERY 
1993;113:330-9.) 


Lavage with leukotriene B, induces 
lung generation of tumor necrosis 
factor-a that in turn mediates 
neutrophil diapedesis 


Gideon Goldman, MD, Richard Welbourn, MB, 
FRCSE, Lester Kobzik, MD, C. Robert Valeri, MD, 
David Shepro, PhD, and Herbert B. Hechtman, MD, 
Boston, Mass. 


In experimental models of acute respiratory failure, leukotriene 
(LT) B, is generated in the lungs, followed by a 2- to 3-hour 
delay before there is substantial neutrophil (PMN) accumuta- 
tion and increased permeability. This study tests whether 
lavage with LTB, induces tumor necrosis factor (TNF) 
synthesis by the lungs that in turn mediates PMN diapedesis. 

Anesthetized rats underwent lavage with 0.1 ml LTB, (10° 
mol/L) inio a lung segment. This led to localized TNF 
synthesis measured in bronchoalveolar lavage fluid with peak 
concentrations of 580 pg/ml after É; hours and 120 pg/ml 
after 3 hours. These values were higher than after lavage with 
0.1 ml saline solution: 0.7 and 4.3 pg/ml, respectively (both 
p< 0.05). There was a delay before PMN accumulated in 
bronchoalveolar lavage fluid (x 10"). Afler 30 minutes, the 
numbers were 2.2 PMN/ml, whereas at 4 hours there was a 
rise to 40 PMN/ml and at 5 hours 60 PMN/ml, higher than 
afier saline lavage (all p< 0.05). Pretreatment of rats by 
lavage into airways with actinomycin D, 12 ng in 0.1 ml, 
minimized LTB,induced TNF synthesis after É 3 and 3 hours 
(38 and 51 pg/ml), as well as the delayed diapedesis after 4 
hours (12 PMN/mil) (all p< 0.05). Similarly, pretreatment of 
other rats by lavage with TNF-a antiserum (rabbit anti- 
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murine), bul nol normal serum, limited LTB induced 
diapedesis (13 PMN/ml) (p < 0.05). Interestingly, administra- 
lion of the protein synthesis inhibitor actinomycin D by lavage 
10 minutes afler LTB, did not prevent TNF generation after 

zor 3 hours (490 and 440 pg/ml). However, this agent did 
limit PMN diapedesis after 4 hours (14 PMN/ml) (p < 0.05), 
an event possibly caused by limiting later synthesis of 
endothelial adhesion proteins, a thesis consistent with the 
findings that pretreatment of rats by lavage with actinomycin 
D was without any effect on N-formyl- methionyl-phenylalanine 
(10% mol/L)—induced diapedesis. This agent is known to 
induce PMN migration without need for synthesis of endo- 
thelial adhesion proteins. The data indicate that lavage with 
LTB, induces local TNF-a generation that in turn mediates a 
delayed PMN diapedesis. This event is likely regulated by 
endothelial synthesis of adhesion proteins. (Surcery 1993; 
113:297-303.) 


Use of a novel bioartificial liver in a 
patient with acute liver insufficiency 


Dan F. Neuzil, MD, Jacek Rozga, MD, PhD, Albert D. 
Moscioni, PhD, Man-Soo Ro, MD, PhD, Raymond 
Hakim, MD, Walid S. Arnaout, MD, and Achilles A. 
Demetriou, MD, PhD, Nashville, Tenn. 


We have developed a bioartificial liver Support system (BAL) 
using porcine hepatocytes attached to microcarriers and placed 
on the outer surface of hollow fibers. The BAL system was 
attached to a plasmapheresis device that was then used to treat 
the plasma of a patient with acute liver failure. Our aim was 
to test the efficacy and safety of this system after a single short 
treatment period. A patient with alcohol-induced, severe, acute 
liver failure manifested by coagulopathy, rising plasma 
ammonia level, and deteriorating mental status was studied. 
The procedure was well tolerated by the patient, who remained 
hemodynamically stable throughout the treatment period. A 
marked increase in coagulation factor V, VII, VIII, and IX 
activities, a decrease in serum ammonia level (120 to 32 
pmol/L), a twofold increase in all serum amino acids except 
for aminobutyric acid, and an improvement in mental status 
were noted after a 6-hour treatment period. This preliminary 
report of the first use of this novel BAL system in conjunction 
with plasmapheresis appears promising. A clinical study is 
now in progress to prove its efficacy. (SuRcERY 1993; 
113:340-3.) 


Prospective randomized study of 
routine intraoperative 
cholangiography during open 
cholecystectomy: Long-term follow-up 
and multivariate analysis of predictors 
of choledocholithiasis 

Martin Hauer-Jensen, MD, Rolf Kåresen, MD, Knut 
Nygaard, MD, Kaare Solheim, MD, Eimar J. B. Amlie, 


MD, @yvind Havig, MD, and Arne R. Rosseland, MD, 
Oslo, Norway 


A prospective randomized study was performed to assess the 
value of routine intraoperative cholangiography (IOC) during 
cholecystectomy for gallstone disease. Four hundred and fifty- 


seven consecutive patients were screened for the presence of 11 
predefined clinical criteria assumed to indicate choledocho- 
lithiasis. Two hundred and eighty patients who had no 
positive criteria and in whom preoperative endoscopic retro- 
grade cholangiography had not been performed were random- 
ized at the operating table to the IOC or no-IOC group. Follow- 
up was performed 6 to 8 years after the operation with a 
questionnaire and by use of clinical, biochemical, and 
radiologic investigations as indicated. Multivariate analysts 
was used to identify independent predictors of choledocholithia- 
sis and the combination of criteria having the best predictive 
ability. The frequency of common bile duct calculi at operation 
was significantly correlated with age and with all clinical 
criteria except recent or present pancreatitis. However, only 
serum bilirubin level, cystic duct diameter, demonstration of 
common bile duct calculi on preoperative imaging or A 
operative palpation, and age at operation were i 

predictors of choledocholithiasis. The overall best subset of 
clinical indicators contained all criteria with the exception of 
pancreatitis and alkaline phosphatase level. Negative pre- 
dictive ability of the set of criteria was 100% for patients up 
to 60 years of age and 97% for patients older than 60 years at 
the time of operation. No case of residual common bile duct 
calculi was present in the IOC and no-IOC groups at follow- 
up. Our data strongly support a policy of performing [OC 
during cholecystectomy only when clinical criteria suggest the 
presence of common bile duct abnormalities or to clarify ductal 
anatomy. (SURGERY 1993;113:318-23.) 


Nonvascular emergencies presenting 
as ruptured abdominal aortic 
aneurysms . 


R. James Valentine, MD, Mary-Jane Barth, MD, Stuart I. 
Myers, MD, and G. Patrick Clagett, MD, Dallas, Texas 


Background. Patients may present with signs and symptoms 
of ruptured abdominal aortic aneurysm (RAA) but actually 
have other diseases mimicking RAA. The outcome of these 
patients has not been reported. 

Methods. During the past 10 years, 16 patients presumed to 
have RAAs were found at operation to have other diseases 
accounting for the symptoms. Fifteen patients (94%) had 
abdominal pain, 9 (56%) had a pulsatile abdominal mass, 
and 7 (44%) were hypotensive on presentation. 

Results. Ten of the 16 patients had intact aortic aneurysms at 
surgery; there were no reliable physical signs or diagnostic tests 
that could discern between RAAs and intact aneurysms with 
other intraabdominal diseases. Eight patients (50%) died in 
the perioperative period, including four with widespread 
metastases, three with overwhelming sepsis, and one with an 
acute myocardial infarction. None of the 10 patients with 
aneurysms suffered RAA after emergency laparotomy. Explora- 
tory laparotomy was necessary to treat underlying disease in 
nine patienis and was probably harmful only to the patient 
with a myocardial infarction. Two survivors with aneurysms 
underwent successful staged repairs. 

Conclusions. Mistaken diagnoses in patients who are 
suspected of having RAAs on the basis of physical findings are 
relatively uncommon. Exploratory laparotomies are required to 
correct the primary disease in most of these misdiagnosed 
patients. Few die as a direct result of laparotomy; true 
iatrogenic catastrophes associated with mistaken diagnoses are 
distinctly uncommon. (SURGERY 1993;113:286-9.) 
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Laparoscopic repair of perforated peptic 
ulcer 


Sir 

We read with interest the Surgical Workshop by Mr Sunderland and 
colleagues on laparoscopic repair of perforated peptic ulcer (Br J Surg 
1992; 79: 785). Our team performed six such repairs between March 
and October 1992. All patients were men, with a mean age of 35 (range 
20-60) years. The duration from perforation to laparoscopy ranged 
from 8 to 12h. Patients were selected according to accepted criteria 
for simple repair in perforated ulcers'. The size of perforation ranged 
from 3 to 6mm. Peritoneal soiling was assessed as moderate in all 
cases. The perforation was repaired first by intracorporeal suture of 
the hole closed using 2/0 catgut tied in a surgeon’s knot. Thereafter, 
a piece of omentum was placed over the site and attached to the sutures 
by tying or with Endo-Clips (Ethicon, Somerville, New Jersey, USA). 
In the first four cases four ports were needed (two of 11 mm, two of 
5 mm) to complete the procedure. In subsequent cases, only three ports 
were used (two of 11 mm, one of 5mm), as the omentum was held in 
place by putting the patient in the Trendelenburg position. The 
abdomen was washed thoroughly with 4-6 litres saline. The mean 
operating time was 80 (range 65-90) min. There were no postoperative 
complications. Bowel sounds commenced on the first or second day 
after operation and all patients resumed diet by the fourth. The average 
hospital stay was 5 (range 4-7) days. Follow-up ranged from 2 to 8 
months. To date all patients have been asymptomatic except for one 
who complained of dyspepsia 2 months after operation; endoscopy did 
not reveal a recurrent ulcer. 

The early experience of laparoscopic repair of perforated peptic 
ulcer is encouraging. The greatest benefit of laparoscopic repair will 
be seen in elderly patients, in whom problems of diagnosis coexist with 
appreciable morbidity and mortality?. More data are needed to evaluate 
this new approach. Furthermore, some patients will need definitive 
operation for ulcer diathesis. Although the early results of laparoscopic 
vagotomy have been good, laparoscopic repair of a perforated ulcer 
combined with laparoscopic vagotomy in an emergency setting has not 
yet been performed. We are presently planning a controlled trial, which 
would complement our minimally invasive approach to peptic ulcer 
disease (Table 1). 


Table 1 Minimally invasive approach to peptic ulcer disease** 


Condition Treatment 





Intractable duodenal ulcer Laparoscopic posterior truncal 
vagotomy and anterior seromyotomy 

Benign intractable gastric Laparoscopic Billroth I gastrectomy 
ulcer 

Bleeding peptic ulcer Endoscopic haemostasis to stabilize 

es followed by laparoscopic surgery if 
indicated 

Laparoscopic simple repair or definitive 
surgery as indicated 

Laparoscopic truncal vagotomy and 


gastrojejunostomy 


Perforated peptic ulcer 


Pyloric stenosis 


C. K. Kum 
J. R. Isaac 
Y. Tekant 
S. S. Ngoi 
P. M. Y. Gob 


Department of Surgery 
National University Hospital 
Singapore 05L 


1. Hugh TB. Perforated peptic ulcers. In: Schwartz SI, Ellis H, eds. 
Maingot’s Abdominal Operations. Norwalk, Connecticut: Appleton 
and Lange, 1990: 627-47. 

2. Irvin TT. Mortality and perforated peptic ulcer: a case for risk 
stratification in elderly patients. Br J Surg 1989; 76: 215-18. 

3. Kum CK, Goh PMY. Laparoscopic vagotomy: a new tool in the 
management of peptic ulcer disease. Br J Surg 1992; 79: 977 
(Letter). 
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Laparoscopic abdominoperineal resection 
of the rectum 


Sir : 

Dr Sackier and colleagues recently reported (Br J Surg 1992; 79: 
1207-8) a case of laparoscopic abdominoperineal resection of the 
rectum for a benign condition and highlighted the concern about 
obtaining an adequate margin of resection if malignant lesions are 
subjected to a laparoscopic approach. We present a case of a primary 
adenocarcinoma located at the anal margin that was successfully 
treated by abdominoperineal resection assisted by laparoscopy. 

A 48-year-old woman presented with a 4-cm nodule located in the 
perineal area between the vaginal fornix and the right anterior quadrant 
of the anus. The lesion was not ulcerated and there was no inguinal 
adenopathy. Biopsy demonstrated an adenocarcinoma. Colonoscopy, 
liver ultrasonography and computed tomography ruled out associated 
lesions. Endorectal ultrasonography revealed invasion of the external 
anal sphincter, and abdominoperineal resection of the rectum was 
proposed. 

Pneumoperitoneum was created, and the abdominal cavity explored 
by laparoscopy. Five ports were used: two of 5 mm, two of 12 mm and 
one of 10mm. The sigmoid colon was mobilized, and the inferior 
mesenteric vessels were ligated after visualization of the ureters, The 
peritoneal reflection was opened, and the rectum was dissected, 
including the posterior mesorectum. When the abdominal procedure 
was finished, the perineal dissection was started with a fusiform incision 
that included the perineal body with an adequate margin of skin and 
subcutaneous fat, the posterior wall of the vagina and the anus. The 
whole specimen was excised through the perineum. The perineal defect 
was closed with several layers of absorbable sutures, and an end 
colostomy was constructed through the trocar hole in the left iliac 
fossa. Postoperative recovery was satisfactory, with oral feeding at 48 h 
and discharge from hospital 7 days after operation. 

After the rapid spread of laparoscopic cholecystectomy, many types 
of abdominal procedure have been attempted by this approach. 
Although colonic resection is feasible by laparoscopy!~* and some large 
series suggest a satisfactory oncological resection of colonic carcinoma’, 
there is no general agreement about the long-term safety of colorectal 
resection assisted by laparoscopy. Comparative studies are lacking*. 
In the case presented, in which the radical operation was performed 
by a perineal approach, laparoscopy for the abdominal dissection did 
not preclude satisfactory oncological treatment of the tumour. We 
suggest that laparoscopy may play an important role in the treatment 
of selected malignant tumours located in the anus or perineal region. 


E. M. Targarona 
M. J. Pons 

M. T. Anglada* 
P. Taurá* 

M. Trias 


Service of General and Digestive Surgery and 
* Service of Anesthesiology 

Hospital Clinic 

University of Barcelona 

Barcelona 

Spain 
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Perforation of the bowel by suction drains 


Sir 

The cautionary letter from Mr Oppong and colleagues (Br J Surg 1992; 
79; 1384) about injuries from suction drains is well taken. Ordinary 
suction drains draw omentum into suction holes, making their removal 
often a bloody and painful experience for the patient. Blake drains 
(Johnson and Johnson, New Brunswick, New Jersey, USA) eliminate 
these risks. Over nearly a decade these drains have worked effectively 
and their removal is painless. The key element in these drains is the 
channelled configuration. 


R. A. Malt 


Massachusetts General Hospital 
Boston 

Massachusetts 02 114-2620 

USA 


The Case Report by Mr Reed and colleagues (Br J Surg 1992; 79: 679) 
elicited a good deal of interest, but the subject is now closed. 
Editor 


Prospective randomized trial comparing 
the Shouldice technique and plication 
darn for inguinal hernia 


Letter 1 


Sir 

I read with interest the paper by Mr Kingsnorth and colleagues (Br J 
Surg 1992; 79: 1068-70). The presentation of the results and the 
conclusions drawn from the study deserve closer examination. The 
underlying supposition of the paper is that the Shouldice repair, even 
when undertaken in non-specialist centres, has a significantly lower 
recurrence rate than plication darn ~ otherwise why use it? The authors 
suggest that an extended period of supervision is required to reduce 
the number of technical failures. 

~ Although the paper states that the trial had not shown the 
superiority of the Shouldice repair, the authors indicate that, given 
adequately trained staff, it would. The data presented fail to support 
this conclusion. First, the consultant surgeon had one recurrence 
(Shouldice?) in the first 2 years; if indeed this was a recurrence in the 
Shouldice group, it equates to a 2-yearly recurrence rate of 4 per cent 
(one of 25). In comparison, the junior surgeons had a recurrence rate 
in the Shouldice group of 4-8 per cent (six of 126). These figures hardly 
imply that great benefit will be gained by further supervision and 
experience. Second, if one compares the plication darn method with 
the Shouldice technique, the junior staff at 2 years had a 2-7 per cent 
recurrence rate (four of 148) and the consultant a rate of zero (none 
of 23). Both of these results were a considerable improvement on the 
equivalent groups undertaking the Shouldice repair. 

The important point from this paper is whether the UK should 
move to the development of specialist hernia centres as in Canada to 
reproduce their impressive recurrence figures rather than persist with 
a possibly second-rate service provided by non-specialist centres. 


P. Carter 


Department of Surgery 
Taunton and Somerset Hospital 
Musgrove Park 

Taunton TAI SDA 

UK 


Authors’ reply 


Sir 

We thank Mr Carter for his observations, which are apparent but not 
statistically significant. Retrospectively it is possible to compare many 
subsets of patients in any clinical study, but the only valid statistical 
comparisons should be made between groups that were predetermined 
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before the study was initiated. It was an error in the manuscript not 
to state in which group the consultant’s recurrence occurred; it was 
actually after plication darn. In support of our conclusion, a recent 
study by Panos and colleagues’ has shown that, in the hands of resident 
surgeons in general surgery at an airforce hospital in Texas, USA, the 
recurrence rate for the Shouldice repair at a mean follow-up of 36-4 
months is 6°6 per cent. 


A. N. Kingsnorth 


Department of Surgery 

The University of Liverpool 
PO Box 147 

Liverpool L69 3BX 

UK 


1. Panos RG, Beck DE, Maresh JE, Harford FJ. Preliminary results 
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Shouldice herniorrhaphy technique. Surg Gynecol Obstet 1992; 
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Letter 2 


Sir 

We congratulate Mr Kingsnorth and colleagues on their important 
study comparing plication of the posterior wall of the inguinal canal 
with the Shouldice repair (Br J Surg 1992; 79: 1068-70). Although 
the recurrence rates are higher than those reported from series where 
surgeons with a special interest undertook Shouldice repairs, they 
probably are a true representation of what can be achieved in a standard 
surgical setting. While juniors are fully aware of the published 
advantages of Shouldice repair, the relatively small number of surgeons 
routinely performing this operation has often prevented them from 
being trained in the technique'. Mr Kingsnorth appears to have 
demonstrated what many believe: that the exact technique used is not 
important so long as careful attention is paid to the posterior wall of 
the inguinal canal. 

We cannot accept the second conclusion that the high recurrence 
rate is attributable to inadequately trained junior surgeons. Although 
the senior author had only one recurrence, this was from a total of 48 
operations (2 per cent). The remaining surgeons in the study had ten 
recurrences of 274 (3-6 per cent); this is not statistically significant. 
Furthermore, as there were a total of 14 junior surgeons, at least four 
of them had no recurrence whatsoever and therefore performed slightly 
better than their senior colleague. 


W. G. Manson 
M. W. R. Reed 


The University of Sheffield 
University Surgical Unit 
Royal Hallamshire Hospital 
Sheffield S10 2JF 

UK 


1. Morgan M, Swan AV, Reynolds A, Beech R, Devlin HB. Are 
current techniques of inguinal hernia repair optimal? A survey in 
the United Kingdom. Ann R Coll Surg Engl 1991; 73: 341-5. 


Authors’ reply 


Sir 

We welcome the comments of Messrs Manson and Reed with respect 
to the first paragraph of their letter. Regarding their comments about 
the difference in recurrence rate between the consultant and his junior 
colleagues, we refer them to our observations in reply to a previous 
letter (Br J Surg 1993; 80: 403). We are sure that the figures can be 
‘massaged’ in many respects, but defy Messrs Manson and Reed to 
produce a P value from our data to demonstrate any difference in 
recurrence rate between the consultant and individual junior surgeons. 


A. N. Kingsnorth 


Department of Surgery 

The University of Liverpool 
PO Box 147 

Liverpool L69 3BX 

UK 
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Non-steroidal anti-inflammatory drugs 
and appendicitis in patients aged over 50 
years 


Sir 

We read with interest the recent article by Messrs Campbell and De 
Beaux (Br J Surg 1992; 79: 967-8), which suggested a relationship 
between non-steroidal anti-inflammatory drug (NSAID) use and 
appendicitis in patients aged 50 years or over. Although the odds ratio 
was estimated at 6-5, the 95 per cent confidence interval (c.i.) was large 
(2:1~8-8), presumably due to the effect of small numbers. However, 
no attempt was made to interpret this association with respect to its 
impact on the population of a typical health district. Assuming the 
association described is a causal one, the proportion of appendicitis 
associated with NSAID usage in a given population can be calculated 
as the attributable proportion (P,) using standard formulae!: 


__ p(RR=1) 
~ p(RR—1) +1 


where RR is the relative risk (nearly the same as the odds ratio) and 
p the prevalence of exposure to the risk factor in the total population. 
The prevalence of NSAID use in the authors’ control series was 
11 per cent, similar to other estimates?. Thus the proportion of 
appendicitis in their source population attributable to NSAID usage 
can be calculated to be 37-7 per cent (95 per cent ci. 
10-8-46-2 per cent). 

Among Nottingham Health Authority residents aged 50 years or 
over, in the 4 years from April 1987 to April 1991, 192 emergency or 
elective appendicectomies were performed as a primary surgical 
procedure; this figure excludes those performed opportunistically 
during the course of other procedures and gives a yearly mean of 48. 
If the authors’ findings can be generalized, and in the unlikely 
circumstance that all appendices removed in Nottingham were 
genuinely inflamed then, as a direct result of NSAID usage, an estimated 
18 cases of appendicitis (95 per cent c.i. 5-2-22-2) occurred in each of 
the past 4 years within a population of approximately 192000 aged 50 
years or over”. While fully accepting that appendicitis can pose serious 
problems in an elderly person, and notwithstanding the well 
documented detrimental effects of NSAIDs on the upper gastro- 
intestinal tract, this additional effect still seems a small price to pay for 
the freedom from pain, mobility and independence that NSAIDs give 
to very many elderly people. 


D. M. Baker 
J. S. Nguyen-Van-Tam* 
J. C. G. Pearson* 


Departments of Surgery and 

* Public Health Medicine and Epidemiology 
University Hospital 

Nottingham NG7 2UH 

UK 


1. Elwood JM. Causal Relationships in Medicine: a Practical System 
. for Critical Appraisal. Oxford: Oxford University Press, 1988. 
2. Langman MJS, Morgan L, Worral A. Use of anti-inflammatory 
drugs by patients admitted with small or large bowel perforation 
and haemorrhage. BMJ 1985; 290: 347-9. 

3. Office of Population Censuses and Surveys. Population Projec- 
tions; 1985-2001. PP3 no. 7. London: HMSO, 1985. 


Authors’ reply 


Sir 

As Mr Baker and colleagues point out, the number of patients affected 
by the increased risk of appendicitis related to use of non-steroidal 
anti-inflammatory drugs (NSAIDs) is low compared with those 
experiencing upper gastrointestinal tract problems. In contrast to the 
upper intestinal tract, however, no strategies for protection of the large 
bowel yet exist in the face of continued exposure to NSAIDs. Although 
no high-risk group can be identified for appendicitis, these data together 
with those previously reported for diverticular complications! suggest 
that the entire large intestine is at increased risk of septic complications 
during NSAID ingestion. Thus patients with symptomatic diverticular 
disease, for instance, may well be advised to avoid such drugs. While 
NSAIDs remain indispensible symptom-relieving agents, they confer 
no survival benefit and do not reverse disease pathogenesis; indeed in 
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osteoarthritis, their most common indication in our studies, they can 
accelerate joint destruction?. The existence of site-specific differences 
in individual NSAID activity? influencing their adverse effects profiles* 
is now appreciated. Perhaps a more critical attitude towards NSAID 
prescription is required rather than acceptance of the status quo. 


K. L. Campbell 


Surgical Metabolism Laboratory 
Cancer Research Institute 

New England Deaconess Hospital 
Harvard Medical School 

Boston 

Massachusetts 02 146 

USA 
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Laparoscopic operations in paediatric 
surgery 


Sir 

I read with interest the recent Leading Article by Mr Miller (Br J Surg 
1992; 79: 986-7). With reference to the role of laparoscopy in the 
management of the impalpable testis, I have developed a new technique 
for single-stage mobilization and fixation of intra-abdominal or 
canalicular testes. After locating an intra-abdominal testis, mobilization 
of the spermatic vessels is carried out by incising the peritoneum of 
the posterior abdominal wall. The vas is also mobilized with a thin 
peritoneal pedicle carrying its blood supply. The gubernaculum is then 
divided, and the testis is now free at the end of its vessels and vas. A 
canalicular testis is dealt with by incision of the deep ring and tracing 
the cord into the inguinal canal to free the testis and replace it in the 
peritoneal cavity. 

After creating a dartos pouch, an artery forceps is passed from the 
scrotum into the peritoneal cavity under laparoscopic control. This 
manoeuvre can be performed through the inguinal canal or medial to 
the inferior epigastric vessels if more length is desired. The forceps 
grasps the remnant of the gubernaculum or the tunica, and the testis 
is pulled down to be fixed in the scrotum. 

Although the Fowler—Stephens manoeuvre remains an option, I 
feel it should not be performed on every intra-abdominal testis (as 
was advocated recently!?). Smolko and colleagues? reported that 
63 per cent of intra-abdominal testes were successfully placed into the 
scrotum by standard cord mobilization techniques. 

This technique offers the surgeon therapeutic options including low 
orchidopexy through controlled maximum mobilization, transposition 
of cord exit point, Fowler—-Stephens manoeuvre or a staged orchido- 
pexy if necessary, as well as dealing with a hernia sac. It saves the 
patient inguinal or even abdominal incisions, and its advantages are 
doubled in cases of bilateral impalpable testis. 


A. Nassar 


Department of Surgery 
King Khalid Hospitai 
Jeddah 

Saudi Arabia 
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Laparoscopic herniorrhaphy 


Sir 

The question of laparoscopic hernia repair has arisen in our hospital; 
we have been offered some £7000 to undertake 24 of these operations. 
I have seen the technique demonstrated and believe that it is not 
technically difficult and could be performed by any district hospital 
surgeon. 

However, I am much less convinced of the need for this technique, 
and am rather concerned about the prospects of complications in the 
learning stages for each surgeon. To be of value this operation must 
prove its superiority over conventional herniorrhaphy in one of three 
ways: decreased complication rate, decreased recurrence rate, or greater 
cost effectiveness. 

In reverse order, laparoscopic herniorrhaphy is clearly not cost 
effective, because the apparatus required for the procedure does take 
up some extra money that is not required for conventional hernior- 
rhaphy. Second, the recurrence rate for conventional herniorrhaphy in 
the best hands is about 0-3 per cent; it is difficult to imagine any other 
technique improving on this, but it is possible that the laparoscopic 
procedure could produce equally good results. This possibility has yet 
to be proved. Third, there are reports of horrifying complications such 
as stapling the femoral artery and, in one local case, a large scrotal 
haematoma that eventually required orchidectomy. 

If more short-stay or daycase surgery was the policy, I cannot see 
how the laparoscopic approach can make any improvement in cost 
effectiveness. I believe, as did Mr Macintyre in a recent Leading Article 
(Br J Surg 1992; 79: 1123-4), that this procedure should be restricted 
to a few centres and that no definite conclusion should be drawn until 
at least 300 operations have been performed in a double-blind 
controlled trial with a minimum follow-up of 3 years. Furthermore, I 
think it is unethical to submit patients to these operations without a 
full explanation of the possible risks, including that the surgeon is 
inexperienced and that complications and recurrence are much more 
likely in the early stages. If this explanation were given, I believe that 
the take-up rate would probably be less than 50 per cent; in any event 
I refuse to let my patients be the testbed for an experimental 
procedure. 


L G. Schraibman 


Rochdale Healthcare NHS Trust 
Birch Hill Hospital 

Rochdale OL12 9QB 

UK 


Laparoscopic cholangiography: a simple 
inexpensive technique using readily 
available materials 


Sir 

I read with interest the recent Surgical Workshop by Mr Harvey and 
colleagues (Br J Surg 1992; 79: 1178-9) on laparoscopic chol- 
angiography. The authors’ 90 per cent success rate is comparable to 
that of another series using the same technique’. A similar method has 
been described previously?, employing either a mushroom-tip or 
ureteric catheter introduced into the abdominal cavity through a 14-Fr 
Angiocath sheath (Becton~ Dickinson, Oxford, UK). This author also 
recommended the use of radiolucent ports to eliminate the problem of 
overlying hardware obscuring the view. 

The figure of approximately 20000 laparoscopic cholecystectomies 
performed in the USA alone quoted by Harvey and colleagues refers 
to the total number performed to the end of 1990 only?. The rapid 
increase in the use of this procedure has continued. It was reported at 
the Society of Minimally Invasive Therapy meeting in Dublin, Ireland, 
in November 1992 that 125000 laparoscopic cholecystectomies were 
performed in the USA in 1991 (25 per cent of all cholecystectomies ) 
and that this figure would increase to 400000 (80 per cent) in 1992. 


R. S. Kiff 


Department of Surgery 

Warrington District General Hospital 
Warrington WAS 10G 

UK 
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Monitoring and cerebral protection 
during carotid endarterectomy 


Sir 

I read with interest the Review by Mr Naylor and colleagues on carotid 
endarterectomy (Br J Surg 1992; 79: 735-41). The authors state that 
a technician and access to a neurophysiologist are necessary to perform 
both electroencephalography (EEG) and evoked potential monitoring 
during operation. In addition, they refer to the effects of different 
anaesthetic agents and haemodynamic variables on these recordings. 
I therefore suggest that, if these techniques are to prove beneficial and 
become routinely used, the presiding anaesthetist is the most suitable 
person to supervise and/or perform them. As an anaesthetist, I have 
had experience in this field and believe that this type of monitoring 
will be valuable only if the findings are accurately interpreted in the 
light of all the surgical and physiological events in the operating room. 
The constant presence of a skilled interpreter is thus paramount. This 
clearly becomes a practical impossibility for neurophysiologists as the 
expected demand for this type of operation increases. 

The obvious criticism of my proposal concerns the increased 
workload for the anaesthetist. This increase can now be largely offset 
by the advent of improved user-friendly computer programs’. In 
agreement with previous authors, I believe that these systems allow 
easy handling and interpretation of EEG and evoked potential signals 
by physicians other than those trained specifically in neurology’. 
Finally, the savings arising from optimal use of operating room 
personnel are another important advantage in the current financial 
climate. 


C. Hickey 


Department of Anaesthesia 
Freeman Hospital 

Newcastle upon Tyne NE7 7DN 
UK 
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Presentation of abdominal tuberculosis to 
general surgeons 


Sir 

We read with interest the paper by Mr Underwood and colleagues 
{Br J Surg 1992; 79: 1077-9) on the management of abdominal 
tuberculosis (TB). Diagnosis in a large proportion of patients was 
achieved by lymph node biopsy during laparotomy. We have recently 
treated two children with abdominal TB. The clinical features were 
suggestive of either gut lymphoma, abdominal TB or inflammatory 
bowel disease. The diagnosis of TB was achieved with ultrasound- 
guided fine-needle aspiration of peritoneal lymph nodes with the patient 
under sedation. Both children responded well to subsequent 
antituberculous chemotherapy. The use of percutaneous abdominal 
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fine-needle biopsy under imaging guidance has proved to be an 
extremely useful diagnostic aid with a low complication rate!:?. Further, 
it has been shown to shorten hospital stay, decrease the need for more 
invasive procedures including anaesthesia and laparotomy and reduce 
considerably the cost of hospitalization>. 

A further six patients in the series of Underwood and colleagues 
received antituberculous chemotherapy without histological or 
microbiological evidence of disease. Abdominal TB may mimic many 
diseases; to embark on antituberculous chemotherapy without a firm 
diagnosis runs the risk of condemning the patient to a protracted 
unnecessary course of treatment or a delay in the true diagnosis*. A 
firm pathological diagnosis is thus essential and a bacteriological study 
to guide the appropriate chemotherapy is necessary. Once the diagnosis 
is confirmed and antituberculous chemotherapy is commenced early in 
the course of the disease, the prognosis is usually excellent. 


l. Bret PM, Fond A, Casola G et al. Abdominal lesions: a 
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3. Rapaccini GL, Grattagliano A, Pompili M et al. Clinical suspicion 
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Surgery of the Liver, Biliary System and Pancreas 


The British Council are holding a course devoted to Surgery of the Liver, Biliary System and 
Pancreas in' The Royal College of Surgeons of Edinburgh from 17 to 23 October 1993. The 
course is intended for discussion of complex issues with an audience composed of relatively 
senior specialist surgeons. Topics to be covered will include: cholelithiasis and 
choledocholithiasis; minimally invasive hepatobiliary surgery; transplantation of liver and 
pancreas; acute and chronic pancreatitis; pancreatic and periampullary cancer; hepatobiliary 
trauma; portal hypertension; and hepatic and biliary malignancy. The course will be directed 
by Professor D. C. Carter, University Department of Surgery, The Royal Infirmary, Edinburgh. 


Further information can be obtained from: Courses Department, The British Council, 


10 Spring Gardens, London SW1A 2BN, UK. 
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1987; 54: 443-9, 
K. W. Liu 
K. H. Lee 
A. K. C. Li 
Department of Surgery 
The Chinese University of Hong Kong 
Prince of Wales Hospital 
Shatin 
New Territories 
Hong Kong 
D. C. Carter 
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Essentials of Paediatric Surgery. 4th ed. 


H. Nixon and B. O'Donnell. 240 x 160 mm. Pp. 359. Illustrated. 1992. 
Oxford: Butterworth— Heinemann. £39-50. 


The 4th edition of this well established general text on paediatric surgery 
appears after a gap of 14 years and is a fitting tribute to the late senior 
author, Mr Harold Nixon. It is based on the combined wisdom and 
vast experience of two eminent internationally renowned paediatric 
surgeons and authors. Considerable updating and revision has been 
necessary to keep pace with the medical and technical advances 
occurring in the 30 years since the first edition. 

Each of the 46 chapters is essentially an essay in fluent narrative 
directed at a particular paediatric surgical problem. No attempt is 
made to adopt a systematic approach, and lists and tables are few. The 
style is pithy, witty and very readable. Potentially complex and 


‘contentious issues are reduced to clear and practical advice; the chapters 


on acute and recurrent abdominal pain are particular gems. Dogma is 
avoided, although some widely accepted practices, such as retraction 
of the foreskin for recurrent balanitis, are dismissed rather summarily. 
The coverage of the subject is comprehensive but, inevitably in a book 
of this handy size, occasionally brief (e.g. on child sexual abuse). 
Further elaboration of important concepts, such as the modified coma 
scale for head injury, would have been useful. The line drawings and 
clinical illustrations are carefully selected and clear, but some of 
the radiographic detail is lost in reproduction, such as those of 
necrotizing enterocolitis and oesophageal atresia. The references 
are brief but selected to include important historical and seminal 
papers. 

This book should be read by beginners seeking a broad under- 
standing of the specialty and re-read by practising surgeons Wishing 
to gain insights into the attitudes of experts. As an updated classic it 
will continue to appeal widely. 


P. Raine 


Royal Hospital for Sick Children 
Glasgow G3 8SJ 
UK . 


The Operative Management of Breast Disease 


R. R. Baker and J. Niederhuber. 285 x 220 mm. Pp. 135. Illustrated. 
1992. Philadelphia, Pennsyloania: W. B. Saunders. £83. 


What is this book about and who are the intended readers? The first 
14 pages deal with anatomy — all here may be seen in a standard 
anatomy text for premedical students. Breast infections are covered in 
a shallow fashion. The diagram of ‘breaking down an abscess’ might 
be useful in a book for nurses. 

The operation of microdochectomy is well described but the 
management of nipple discharge given is muddled and discharge in 
postmenopausal women is said to be most usually from multiple ducts 
— not in my centre it isn’t! A poor illustration of Paget's disease is 
produced. The entities of giant juvenile fibroadenoma (hamartoma) 
and of phyllodes tumour are confused. There are suggested manage- 
ments in the book that are debatable, for instance the management of 
fibroadenoma by repeated examination (with mammography in young 
women) and excision of 80-90 per cent of the calcification for diagnostic 
biopsy in diffuse microcalcification. 

From page 62 things get better. Indications for mastectomy and 
breast conservation are given and then good descriptions of operative 
technique for mastectomy, useful for the young surgeon in training; it 
is a pity that this lacks tips on avoiding the intercostobrachial nerve. 
The description of wide excision with breast conservation is inadequate 
and assumes that a previous open biopsy was required for diagnosis, 
which is now unusual in the UK. A good description of methods of 
breast reconstruction is given. 

Readers may by now have the impression that I do not rate this 
book highly and they would be correct. 


R. W. Blamey 


Nottingham City Hospital 
Nottingham NGS IPB 
UK 


Manual of Blood Transfusion in Clinical Medicine 


S. Kareem (ed.). 215 x 138 mm. Pp. 212. Illustrated. 1992. New Delhi: 
All India Traveller Book Seller, 


This book is written by the president and various officers of ‘Lifeline’, 
a blood transfusion service based in India. It covers such diverse aspects 
of blood transfusion as grouping, collecting, storing and administering 
blood, complications of transfusion, haemolytic disease of the newborn, 
bone marrow transplantation and blood substitutes. It would be of 
limited interest to UK surgeons, but might prove useful to those 
involved with blood transfusion services in the developing world. It 
contains a wealth of detail and as such is a proper handbook. Its advice 
relates to the resources available in India and many of the diseases 
found there, but no doubt much of this is applicable to other areas of 
the world. The chapters are written by different authors; the quality is 
variable and the language at times obscure but, in general, the book 
is straightforward and understandable. 


L. Hands 


The John Radcliffe Hospital 
Oxford OX3 9DU 
UK 


Cutaneous Facial Surgery 


J. R. Thomas and J. Roller (eds). 284 x 220 mm. Pp. 207. Illustrated. 
1992. Stuttgart: Georg Thieme. DM 178. 


Over the past few years there have been a number of publications 
related to the subjects covered by this book. For the most part these 
have come from across the Atlantic and have been written by either 
dermatologists or otolaryngologists. No longer is the dermatologist 
confined to diagnosing rashes and prescribing ointments, nor the ear, 
nose and throat surgeon to his or her own stated surgical preserves. 
Both wish to embark on surgical procedures, some of which might be 
considered to be the province of the plastic and reconstructive surgeon, 
and indeed by a clever piece of nomenclature even call themselves ‘facial 
plastic surgeons’. It is of interest that none of the main authors or 13 
contributors in this book appears to be a plastic surgeon (as the term 
is generally understood in the UK) and virtually none of the copious 
references is from plastic surgery journals or books. 

Setting these points aside, this book is an excellent reference for all 
who may be interested in performing relatively simple outpatient 
procedures, either in private practice or within the National Health 
Service. Family doctors, for example, could learn about the basic 
equipment required as well as the simple techniques of cutaneous 
surgery (biopsy, curettage, skin suturing, skin grafts and flaps} though, 
in terms of reconstruction, I would suggest proper supervised training 
is necessary. For the more ambitious, advice on lasers, dermabrasion, 
scar revision, chemical face peeling, collagen injection, correction of 
baldness and facial liposuction is given. These are, of course, more 
for the private practitioner and more than half of the book is devoted 
to these cosmetic procedures. This perhaps explains the real reason for 
the expanding interest of non-plastic surgical specialists in becoming 
involved in what initially appears to be outside their remit. 

Most plastic surgeons would not learn anything new that is not 
already standard practice or published. They may, however, find the 
book of interest regarding what other specialties consider they can do. 
They are likely to dispute the assertion that microscopically controlled 
tumour excision (Moh’s technique) and the method of allowing skin 
defects to heal by secondary intention are acceptable or totally practical, 
even if they do work. 

The book appears well produced and is illustrated with good-quality 
diagrams and photographs, some of which are in colour. It is easy to 
read and not cumbersome to handle. For doctors, of whatever specialty, 
who might have an interest in the subject of cutaneous facial sugery, 
it offers interesting and informative reference and can be recommended. 


J. C. McGregor 


St John’s Hospital 
Livingston EH54 6PP 
UK 
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Computers in Medical Audit. 2nd ed. 


M. Rigby, A. McBride and C. Shiels. 240 x 162mm. Pp. 109. Not 
illustrated. 1992. London: Royal Society of Medicine. £12-50. 


Medical audit is now recognized as an integral and mandatory part of 
medical practice. The basis of good audit is accurate and timely data 
collection as part of the normal clinical workload, using appropriate 
information technology. Computers in Medical Audit aims to aid 
clinicians in making an informed choice of information technology in 
what is a rapidly expanding and confused market where many have 
made costly errors. 

This short guide was commissioned by the West Midlands Regional 
Health Authority and is divided into six main sections. It starts with 
a brief description of the purpose of medical audit and explores the 
role of computers in this process. However, the heart of the book is 
its two central sections. The third section consists of a comprehensive 
review of the facilities offered by the currently available personal 
computer-based audit systems and is complemented by the results of 
a user questionnaire. In the fourth section the authors explore the use 
of mainframe case mix and clinical information systems for medical 
audit, a new feature in this second edition. The final two sections look 
at the way data should be structured on hospital computer systems 
and offers general advice on purchasing considerations within the 
National Health Service. 

I would strongly recommend this clear and concise guide, not only 
to any hospital clinician who is currently purchasing information 
technology for medical audit, but also to clinicians whose institutions 
are assessing case mix and clinical information systems. 


M. Callam 


Bedford General-Hospital 
Bedford MK42 9DJ 
UK 


The Immunological Basis of Surgical Science and Practice 


O. Eremin and H. Sewell (eds). 240 x 160 mm. Pp. 228. Ilustrated. 
1992. Oxford: Oxford University Press. £25. 


Most surgeons recognize that the success or failure of surgical care 

` rests, in large measure, on factors in the intrinsic make-up of the 
individual patient. Pre-eminent among these is the immune system, the 
study of which has undergone an explosive growth that shows no 
sign of slowing down. This growth in knowledge has outstripped the 
understanding of most surgical trainees, let alone established surgeons. 
For some time, therefore, there has been a need for an easily understood 
textbook that would bring a summary of immunological knowledge 
and apply it to surgical practice. This is such a book. 

The majority of the contributors are British, although there are 
chapters by authors from Italy and the USA. Most will be well known 
to the readership of this Journal. The most striking feature of the 200 
or so pages of this text is its readability. This is particularly the case 
with the first and largest chapter, which consists of 70 pages covering 
basic immunology. This takes the uninitiated through a confusing maze 
of, CD numbers, lymphokines and concepts such as anti-idiotypic 
networks. The next five chapters consider the five most predictable 
„areas in which immunology is relevant to surgical practice: 
‘transplantation, cancer, sepsis, trauma and nutrition. Most of these 
are again very adequate athough the rapid pace of change in 
immunology has left some parts of them looking even now out of date. 
This is most noticeable in the chapter on sepsis in which, for instance, 
exciting recent advances in cell biology of neutrophil activation in septic 
shock syndrome are scarely mentioned. 

The following three chapters are perhaps less obvious contributions, 
but certainly equally worthwhile. These focus on immunotherapy, 
autoimmune disease and human immunodeficiency virus infection, and 
the principles of immunological assays and DNA technology. This last 
chapter is particularly valuable in that it introduces the non-expert to 
many of the techniques of crucial importance in modern immunology. 
The last component of the book is an extensive glossary. This is 
important in that it allows the uninitiated reader to browse and not 
be brought to an abrupt halt by an unintelligible term. 
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Book reviews 


All books can be criticized. This one certainly has a number of 
typesetting errors that should have been removed at proof stage. In 
addition, there are many parts of it with which many immunologists 
would take issue. This, however, matters little, as it is usually impossible 
to get any one immunologist to agree with another on anything. It is 
clearly stated in the preface that this book is written as an introduction 
to the non-expert surgeon, both trainee and established. I can 
recommend that both groups purchase this volume. 


J. N. Primrose 


St James's Hospital 
Leeds LS9 7TF 
UK 


Tissue Expansion 


G. Magalon, J.-P. Aubert, J. Bardot and P. Paulhe. 255 x 192mm. 
Pp. 250. Illustrated. 1992. Marseille: Imprimerie Lamy. 


There has been much enthusiasm for tissue expansion over the past 
decade and this book, part atlas, part cook book, will serve as an 
excellent guide. It has been produced by a group of plastic surgeons 
practising in Marseille and is well written and well illustrated with a 
large number of clear black and white photographs and diagrams. 

The text is admirably succinct; there are opening sections on 
instrumentation and technique that offer clear advice on the choice of 
expanders, planning, and postoperative management. These are 
followed by sections on indications for use in the head and neck, breast, 
trunk and extremities, each concluded by many case reports that 
carefully detail the size of expanders used, the access incisions, 
positioning of the valves and timing of the expansion. Explanation of 
how to make best use of the skin that has been stretched is excellent 
and there are many useful tips on technique and management. A final 
chapter surveys complications and how they can be minimized and is 
again well illustrated. The bibliography is extensive but there are few 
references within the text. 


J. A. Clarke 


Queen Mary’s Hospital 
Roehampton SW15 5PN 
UK 


A Practical Guide to Head Injury Management 


P. V. Marks and C. B. D. Lavy. 180 x 112 mm. Pp. 151. Illustrated. 
1992. Philadelphia, Pennsylvania: W. B. Saunders. £9-95. 


This book is a concise, practical and easily readable pocket-size manual 
covering the care of all patients with head injury, from those suffering 
mild concussion through to those requiring brain stem studies to 
confirm brain death after severe head trauma. The importance of 
preventing secondary brain damage as a result of general systemic 
complications such as hypotension and hypoxia through to intracranial 
haematomas is stressed throughout the book. Guidelines for admission 
into hospital and referral to a neurosurgical unit are clearly stated and 
sufficient statistics are to be found throughout the text to explain the 
risk factors associated with various clinical and radiological findings 
and hence the basis on which the guidelines were drawn up. In addition, 
the book manages to include chapters on the pathological findings of 
various types of head trauma, the types of complication associated with 
head injury, the prognosis after injury and a brief surgical section on 
the techniques used in an emergency situation. There are also chapters 
on anaesthesia and head injury, and appendices on maxillofacial injuries 
and the management of children. This book is to be recommended for 
all medical practitioners and allied staff involved in the day-to-day 
management of patients with head injury. 


P. Chumas 
The Southern General Hospital 
Glasgow G51 4TF 
UK 
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Notices and announcements 





20-21 May 1993 

British Association of Endocrine Surgeons 
Bristol, UK 

Information: Mrs P. Lee, Centre Manager, 
Edward Jenner Teaching Centre, Bristol Royal 
Infirmary, Bristol BS2 8HW, UK 


28 May 1993 

Endovascular Procedures 

Bournemouth, UK : 
Information: Mr S. Parvin, Department of 
Surgery, The Royal Bournemouth Hospital, 
Castle Lane East, Bournemouth, Dorset 
BH7 7DW, UK 


2-4 June 1993 

International Symposium: Thoracoscopic 
Sympathectomy 

Bords, Sweden 

Information: Dr G. Claes, Department of 
Surgery, Bords Hospital, S-50182 Bords, 
Sweden 


3-5 June 1993 

First European Congress of the 
European Association for Endoscopic 
Surgery 

Cologne, Germany 

Information: Medikon-Heide Harzheim, Irm- 
traud Surmann, PO Box 501470, D-5000 
Köln, Germany 


7-8 June 1993 

Sth International Symposium — Applied 
Physiology in Clinica] Respiratory Care 
Rotterdam, The Netherlands 

Information: Dr O. Prakash, Thorax Centre 
BD 164, Dijkzigt Hospital, Dr. Molewaterplein 
40, 3015 Rotterdam, The Netherlands 


8-11 June 1993 

World Association of HPB Surgery Ist 
European Congress of Surgery 

Paris, France 

Information: EHPBS Congress Secretariat, 
Congress House, 65 West Drive, Cheam, 
Surrey SM2 7NB, UK 


9-12 June 1993 

The Endocrine Society 75th Annual 
Meeting 

Las Vegas, Nevada, USA 
Information: Ann Singer, The Endocrine 
Society, 9650 Rockville Pike, Bethesda, 
Maryland 20814, USA 


4-9 July 1993 

Endosurgery — the State of the Art 
Hamilton Island, North Queensland, 
Australia 

Information: Kathy Noble, Centre for the 
Study of Endosurgery, Department of Surgery, 
Alfred Hospital, Commercial Road, Prahran, 
Victoria 3181, Australia 


642 


5-8 July 1993 

First International and Eighth European 
Conference on Clinical Hemorheology 
Vienna, Austria 

Information: Professor E. Ernst, Department 
of Physical and Medical Rehabilitation, 
University of Vienna, AKH Wahringer Gürtel 
18-20, 1097 Vienna, Austria 


6 July 1993 

Current Issues in Epidemiology: the 
Prevention and Control of Chronic 
Disease 

Cambridge, UK 

Information: Courses Department, The British 
Council, 10 Spring Gardens, London 
SWIA 2BN, UK 


6-17 July 1993 

Current Practice in Neonatal and 
Paediatric Surgery 

Manchester, UK 

Information: Courses Department, The 
British Council, 10 Spring Gardens, London 
SWIA 2BN, UK 


8-9 July 1993 

Surgical Research Society Meeting 
Dundee, UK 

Information: Professor J. R. Farndon, Depart- 


ment of Surgery, Bristol Royal Infirmary, 
Bristol BS2 8HW, UK 


8-10 July 1993 

XVilith International Update on Liver 
Disease 

London, UK 

Information: Professor N. McIntyre, Univer- 
sity Department of Medicine, Royal Free 
Hospital, Pond Street, London NW3 2QG, 
UK 


8-10 July 1993 

5th South-east European Symposium of 
Paediatric Surgery 

Graz, Austria 

Information: Professor M. E. Höllwarth, 
Department of Paediatric Surgery, University 
of Graz, Heinrichstraße 31, A-8010 Graz, 
Austria 


6-8 August 1993 

First Asian Pacific Congress of 
Endoscopic Surgery 

Singapore 

Information: Maggie Phang, Congress Secre- 
tariat, Conference and Exhibition Management 
Services, 09-43 World Trade Centre, Singapore 
0409 


22-27 August 1993 

International Surgical Week — 35th 
World Congress of the International 
Society of Surgery 

Hong Kong 

Information: Congress Secretariat, ISW Hong 
Kong, Department of Surgery, University of 
Hong Kong, Queen Mary Hospital, Hong 
Kong 


27-29 August and 

30 August to 2 September 1993 

Second International Conference of 
Gastroenterology 

Hong Kong and Chengdu, China 
Information: Conference Secretariat, Room 
1611-13, World Finance Centre, North Tower, 
Harbour City, Kowloon, Hong Kong 


1-3 September 1993 

4th International Congress — 
International Organization for 
Statistical Studies on Diseases of the 
Oesophagus 

Paris, France 

Information: Michele Liegeon, 2 Boulevard de 
Montparnasse, 75 015 Paris, France 


7-10 September 1993 

6th International Congress on 
Interventional Ultrasound 

Copenhagen, Denmark 

Information: Dr C. Nolsøe, Department of 
Ultrasound, Herlev Hospital, University of 
Copenhagen, DK-2730 Herlev, Denmark 


14-17 September 1993 

Eurosurgery °93 f 
London, UK 

Information: Professor J. P. S. Lumley, 
Secretariat, Eurosurgery ’93, The Royal 
College of Surgeons of England, Lincoln’s Inn 
Fields, London WC2A 3PN, UK 


15-17 September 1993 

Nottingham European Organization for 
Research and Treatment of Cancer 
Joint Breast Cancer Meeting 
Nottingham, UK 

Information: Mrs Wendy Bartram, Professorial 
Unit of Surgery, City Hospital, Hucknall 
Road, Nottingham NGS 1PB, UK 


29 September to 1 October and 

2 October 1993 

Principles of Colon and Rectal Surgery, 
and Biofeedback for Pelvic Floor 
Disorders/Endorectal Ultrasonography 
Minneapolis, Minnesota, USA 
Information: Continuing Medical Education, 
University of Minnesota Medical School, 
Radisson Hotel Metrodome, Suite 107, 615 
Washington Avenue South-east, Minneapolis, 
Minnesota 55414, USA 


17-23 October 1993 

Surgery of the Liver, Biliary System and 
Pancreas 

Edinburgh, UK 

Information: Courses Department, The British 
Council, 10 Spring Gardens, London SW1A 
2BN, UK 


10-13 November 1993 
CA-125 Ten Years Later: Biology and 


Clinical Applications — Present and Future l 


San Remo, Italy 


Information: MAF Servizi, Via Vico 7, 10128 
Turin, Italy 
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Instructions to authors 





The British Journal of Surgery publishes original articles, 
reviews and leading articles. Short notes, case reports and 
“surgical workshops are also accepted. All manuscripts are 
submitted to editorial review. 


An article is reviewed for publication on the understanding that 
the work it reports has not been submitted simultaneously to 
` another journal, has not been accepted for publication 
- elsewhere and has not already been published. Any detected 
3, attempt at dual publication will lead to automatic rejection and 
~ may prejudice acceptance of future submissions. Articles and 
5 their illustrations become the property of the Journal unless 
rights are reserved before publication. The title page should 
~ indicate if the paper is based on a previous communication 
| to a society or other meeting. Authors are requested to send 
three copies of original articles and other editorial matter 
i to: The Senior Editor, The British Journal of Surgery, 
} Butterworth-Heiremann Ltd, 59/60 Grosvenor Street, 
“. London W1X 9DA, UK. Telephone : 071-493 5841. Facsimile: 
-| 071-499 3384. 
"| Books for review should be sent to the same address. 
b 
4 A covering letter must accompany all submissions and must be 
.j Signed by all authors. The covering letter should state if an 
4 abstract of the work has been published and whether the 
st authors wish the manuscript and/or illustrations to be returned 
if the work is not accepted. The first named author is responsible 
3or ensuring that all authors have seen and approved the 
-_shanuscript and are fully conversant with its contents. 
Rejected mauuscripts will not be returned to the authors, unless 
\ this is specifically requested. 


Ethics 
' The Journal publishes all material relating to human 
. Investigation and animal experiments on the understanding that 
`~ the design of the work has been approved by local ethical 
committees or that it conforms to standards currently applied in 
“tthe country of origin. The Journal further reserves the right 
¿ not to publish an article on the grounds that appropriate ethical 
~ or experimental standards have not been reached. Written 
{consent must be obtained from the patient, legal guardian or 
. executor for publication in The British Journal of Surgery of 
any details or photographs which might identify an individual. 
Evidence of such consent should be submitted with the 
. Manuscript. 


~ 


_~Preparation of manuscripts 


ki The British Journal of Surgery subscribes to the policy of 
„uniform requirements for manuscripts which is designed to 
permit authors to resubmit papers to journals without extensive 

’* recasting. Authors are advised to consult the British Medical 

; „Journal 1988; 296: 401-5 or the Annals of Internal Medicine 

* 1988; 108: 258-65, or to obtain the leaflet ‘Uniform 
Requirements for Manuscripts Submitted to Biomedical 
Journals’ from The Editor, British Medical Journal, BMA 
House, Tavistock Square, London WC1H 9JR, UK (cost £1-00 
per copy). : 


Authors are responsible for the accuracy of their report 

including all statistical calculations and drug doses. When 

quoting specific materials, equipment and proprietary drugs, 

authors must state in parentheses the name and address of the 

manufacturer. Failure to do so will result in delay in publication 

as the Journal considers that this information is essential for 
l’ any reader who wishes to obtain similar material. Generic 
, names should normally be used. 
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Original articles 


Original articles should normally be in the format of 
introduction, methods, results, discussion. Each manuscript 
should contain a summary on a separate page. Authors are 
reminded that there is considerable pressure on editorial space 
in the Journal. Lengthy manuscripts are likely to be returned 
to authors for shortening. The discussion in particular should 
be clear and concise, and should be limited to matters arising 
directly from the results. Authors should avoid discursive 
speculation. 


Reviews 


The Editorial Board of The British Journal of Surgery 
encourages submission of review articles on topics of interest 
to its readers. Any topic will be considered, but priority will 
be given to those addressing a major current problem. The 
author of each accepted review will receive an honorarium. 
Potential authors seeking advice on the suitability of review 
topics are advised to contact: Mr J. A. Murie, University 
Department of Surgery, The Royal Infirmary, Edinburgh 
EH3 9YW, UK. 


Leading articles 


The Editors commission signed leading articles to The British 
Journal of Surgery. These articles are 600-1000 words in'length, 
address controversial topics of current interest and are 
supported by key references. Submissions may be subjected to 
external review and assessment by the Editorial Board before 
acceptance. The Editors retain the right to alter style and 
shorten material for publication. An honorarium is payable on 
publication. 


Short notes 


These are original observations presented in brief form. They 
should follow the standard format of introduction, methods, 
results and discussion, but no summary is required. Short notes 
should not exceed 500 words with a maximum of five references 
and one table or one figure. 


Case reports 


The British Journal of Surgery receives an increasing number 
of case reports each year. Space within the Journal remains at 
a premium and the rejection rate is high. Case reports should 
be no more than 500 words, with no more than five references 
and one illustration. 


Surgical workshops 


These describe technical innovations or modifications which 
may be useful in surgical practice. These articles should be less 
than 500 words long; they may be accompanied by no more 
than two figures and up to five references. 


Typescripts 

It is essential that manuscripts be clearly reproduced with 
adequate space for editorial notes. Papers must be typewritten 
or printed on A4 paper (210 x 297 mm) on one side of the paper 
only with double spacing and 4 cm margins. Manuscripts which 
do not conform to these requirements will be returned to the 
authors for recasting. Each of the following sections should 
begin on a new page: title page, summary, text, acknowledge- 
ments, references, tables, legends for illustrations. The text 
should usually follow the standard sequence of introduction, 


methods, results and discussion. These sections should run 
sequentially through the text, avoiding blank space between 
them. 


Title page 


The title page should give: (1) the title of the article; (2) the 
name and initials of each author; (3) the. department and 
institution to which the work should be attributed; (4) the 
name and address of the author responsible for correspondence 
and to whom requests for reprints should be addressed; 
(5) sources of financial support; and (6) the category in which 
the manuscript is being submitted (original article, case report 
etc.). 


Summary 


The second page of the manuscript should carry a summary 
of not more than 150 words. It should embody the purposes 
-of the study or investigation, basic procedures (study material 
and observational and analytical methods), main findings (with 
specific data and their statistical significance, if possible) and 
the principal conclusions. 


Tables and illustrations 


` Three copies of all illustrations and tables should be submitted. _ 


Each table with an appropriate brief title should be typed on 
a separate page. At least one set of illustrations (line drawings, 
radiographs, photomicrographs etc.) should be submitted in 


the form of glossy prints, original transparencies, or negatives _ 
and should not be mounted. Photocopies should be of sufficient ` 


quality to enable the Journal’s referees to~judge their content 
and value. Each illustration should have a label pasted on the 
reverse side giving its number (to correspond with its reference 
in the text) and the name(s) of the author(s); the top of the 
illustration should be indicated. Illustrations should be drawn 
and labelled appropriately for reduction to one or two column 
widths of the Journal. Explanations of symbols and shading 
used should appear in the legend. Survival curves should be 
accompanied by a table giving the actual numbers of patients 
involved. The legends to illustrations and the footnotes to tables 
should contain brief but comprehensive explanations of the 
information contained therein. Prospective authors are strongly 
advised to refer to recent issues of the Journal for examples of 
accepted layout. A contribution towards the cost of colour 
reproduction is usually requested. If a table or an illustration 
has been reproduced from a published work the original source 
thereof must be given in full. Permission to use published work 
must be obtained from the original author and the publisher 
before submission. 


Abbreviations 


Authors should limit the use of abbreviations. Terms which are 
mentioned frequently may be abbreviated but only if this does 
not detract from reader comprehension. Abbreviations should 
be used consistently throughout the text and must be clearly 
defined on first use. 


Numbers and units 


` The decimal point, not a comma, is used, e.g. 5:7. A space and 
not a comma follows thousands and multiples thereof, e.g. 
10000. SI units (International System of Units) should be used 
except for the measurement of blood pressure (mmHg). Where 
measurements were made in non-SI units; the actual values 
and units should be given, with SI equivalents inserted in 
parentheses at appropriate points. 


References 


References should be typed with double spacing and cited in 
the Vancouver style (see above: Uniform Requirements for 


Manuscripts Submitted to Biomedical Journals). Reference ` 


to abstracts from meetings is .discouraged; reference to 
unpublished communications is not acceptable. Personal ( 
communications should be cited in the text, in parentheses. The 
first author is responsible for confirming the acceptability of 
the material quoted with the originator. 


In the text, references should be numbered consecutively by 
superscript : ? or 1-3. References cited only in tables or figures 
should be numbered in sequence according to the first mention 
of the table or figure in the text. The sequence for a standard 
journal article should be: author(s); title of paper; journal 
name abbreviated as in Index Medicus (written in full if no 
abbreviation quoted ) and year of publication ; volume number ; 
page numbers. For example: De Bolla AR, Obeid ML. 
Mortality in acute pancreatitis. Ann R Coll Surg Engl 1984; 


` 66: 184-6. The sequence for the chapters of a book should be: 


author(s); chapter title; editors; book title; placé of 
publication; publisher; year of publication; page numbers. 
For example: Calenoff L, Rogers L. Esophageal complications 
of surgery and lifesaving procedures. In: Meyers M, 
Ghahremani G, eds. Jatrogenic Gastrointestinal Complications. 
New York: Springer-Verlag, 1981: 123-63. ` 


Statistics 


For detailed guidance on the haidling of statistical material, 
authors should consult The British Journal of Surgery 1991; 

78: 782—4. The Editors and statistical referees in evaluating a 
manuscript will consider the «design of the study, the 
presentation of the data, the analysis of the data, and the 
interpretation of.the results. 


_ Design 


Authors should set out clearly the objectives of the study, should 
identify the primary and secondary hypotheses, and should 
explain the rationale for the choice of sample size. 


Presentation 


Whenever possible a graphical presentation should be used to 
illustrate the main findings of a-study. The use of standard 
deviation and standard error should be clearly distinguished. 


`. The use of the ‘+’ symbol should be avoided; these statistics 


should be presented in parentheses after the mean value. 


Analysis 


There should be a clear description of which methods were 
used for which analyses, and any methods not in common isage 
should be supported by references. Results of statistical tests 
should be reported by stating the value of the test statistic, the 
number of degrees of freedom and the P value. For example, 
‘t = 1:34, 16 d.f., P = 0-20’ might be reported. Actual P values 
should be reported, to two decimal places, especially when the 
result is not significant, rather than stating ‘not significant’. 


Whenever possible, the results of the primary analyses should 
be reported using confidence intervals instead of, or in addition 
to, P values. . 


Interpretation 


Statistical significance should not be confused. with clinical 
significance. In particular, ‘negative’ findings should be 
interpreted through the use of confidence intervals. 


Authors should beware of placing undue emphasis on secondary — 
analyses, especially when they were suggested by an inspection 
of the data. 
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OUTSTANDING SURGERY TITLES FROM 
W.B. Saunders & Bailliére T indall 





- RUTHERFORD 
Atlas of Vascular § urgery: 
Basic T echniques and E Lxposures 


A comprehensive two-volume atlas which depicts the 
entire spectrum of vascular surgery from the basics to 
the most complex vascular procedures. With over 600 
detailed illustrations, this atlas covers all aspects of 
vascular surgery, laying the groundwork for under- 
Standing the entire spectrum of specific procedures. 


0 7216 2956 3 April 1993 c£55.00 c288pp 
cLSSills 


ee 


SUTTON & DIAMOND 
Endoscopic § urgery for G ynaecologists 


A multi-author text which looks at the current tech- 
niques available for both diagnostic and interventional 
Procedures, examines the choice of j Instrumentation and 
the reasons for sel ecting a specific instrument, provides 
guidance on how to perform the techniques as well as 
considering their complications and safety. The 
importance of perioperative care is Stressed and future 
developments in gynaecological endoscopy are dis- 
cussed. 


0 7020 15784 March 1993 £65.00 c416pp 
c300ills 


a 


NORTON et al 

Surgical Decision Making 3/e 

The revised, updated third edition of this innovative 
work presents a systematic approach to surgical 
decision making. In this edition, emphasis is given to 


economic considerations and outcome projection as 
factors affecting the decision-making process, 


07216 65985 1992 £55.00 384pp 


WIESEL, DELAHAY & CONNELL 
Essentials of Orthopedic S urgery 

Based on the most recent information available, this 
book includes new information on both the basic 
science of musculoskeletal disease and the technical 
aspects of surgery, 

0 7216 4614 X March 1993 c£21.50 c328pp 
c137ills 


For further information contact 


Harcourt Brace & Company 


24-28 Oval Road, London NWI 7DX, U.K. 
Tel: (071) 267 4466 








Y ~ y 
GREENHALGH 
Surgery for Stroke 
An authoritative, multi- author, state-of-the-art p review of 
a controversial field. Surgery for Stroke c¢ overs the 
indications for carotid surgery - now re. -evaluated in the 
light of International Clinical trials: it descri ibes all the 
best techniques of carotid Surgery and justification for 
individual approach; it also covers intra- monitoring 
assessment methods and assesses their ¢ 








contribution to 
the reduction of intra- ‘Operative stroke 


0 7020 1759 0 
cl77ills 


a 


WRIGHT & FISHER 
Laser Surgery in Gynecology: 
A Clinical Guide 


April 1993 c£75,09 cS00pp 


A comprehensive guide to laser surgery for diseases 
written by established authorities in the field. h presents 
the basics of laser surgery and safety and moves on to 
describe laser surgery in the lower female į genital tract, 


07216 4007 9 March 1993 
C27 7ills 


£40.00 ¢352pp 


een aetna, 


TUBIANA 
The Hand Volume 4 





Written by an internationali y recognized group of 
experts, volume four of this four volume refer 
details non-traumatic le sions, hand palsies. rheumatoid 
arthritis, congenital malformations and ne bilitation. 
An invaluable resource for h land surgeons, offer ing 
solutions to patients with life- -affecting problems which 


interfere with manual dexterity. 





ence 


0 7216 89108 March 1993 
cl334ills 


c£217.00 c968pp 


aktaran noanamae 





armeer 


FONKALSRUD & KRUMMEL 
Infection and Immunologic Disorders in 
Pediatric Surgery 








A state-of-the-art clinical reference that de talis nes 
advances in knowledge of infections and immunok gie 
problems of infants and children, The development of 
the immune system in the fetus is reviewed and the 7 
normal mature host defense mechanism is defined. The 
influence of trauma, nutrition, immunosuppression and 
other modulating factors is reviewed and recommended. 


Si2pp 86ills 








072164278 0 January 1993 £64.06 
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at every surgeon should know. 


Thromboembolic complications still remain a common poren 
after surgery! A number of studies have shown that the risk (e) 
thromboembolic complications after surgery can be significantly. 
reduced by thromboprophylaxis.? , 


The introduction of Fragmin now makes this treatment even 
more convenient? and effective* than with Unfractioned Heparin 


...Fragmin simply Once-a-Da i 
Effective thromboprophylaxis 


Actual size of syringe 
Prefilled syringes in two concentrations 
2,500 IU and 5,000 IU 


rH 


Kabi Pharmacia 


Cardiovascular 


Fragmin” Abbreviated Prescribing Information. 


Presentation: S ngle dose disposable Syringes containing Galteparin sodium 2.5 Xaj/0.2 mi or 5,000 IU (ant-Factor xayo È mi. No preservative present. Indication: Peri- and aD: 
Surgical thromboprophylaxis Dosage: Adults only. Moder administered SubCutaneou sive) 12 hours prior to Surgery and thereafter 2 500 IU se oncada 
Gays or until the patient is fully ambulant High risk of th lensive operations, patients with malignant disease Fragmin 2.500 IU admir stered sc 1—2 Hou 
and the same doseis administered 12 hours ater. - ays or until the patiënt is fully ambulant Contraindiċations: There are no knowr 
ragmin. However, caution should be exercised in patie: sk ol bieeding complications Precautions: Caution in patients with s 
bocytopenia, or defective platelet tunction and in patients receiving drugs atfecting Coagulation/piatelet function Patients with known heparin ty 
2 5,000 IU/day. does not Generally accumulate and therefore. Monitoring of anti-Fattor Xa tevels is not usually Necessary Side effects 
van 1.5 Ulimi may cause bleeding Transient « M to Moderate ing rease in liver enzymes have been Observed. The following heparin s 
\wombocytopenia, allergic reactions, osteoporosis Overdose: 100 IU Fragmin is inhibited by 1 mg protamine see data sheet for full prescrit ng information, Legal Category: POM. Packs: Fr 
IU? mi; pack of 10 s ngle dose Syringes. 5,000 |U/0.2 mi pack of 10 Single dose syringes. P L Numbers: 2,500 1U/0.2 mi 0022/0076. 5. 000 IL/0. 2 miða 7 Kabi Pharmacia Ltd, Davy Avenue 

Milto Keynes, MKS 6PH, 


absolute contia 
severely disturbed hépatic or renal fu 
ypersensitivity Fragtr nm, whe 

High doses of Fragmin With serum anti-Factor Xa 


ide effects cannot be excited as Fragmin is a derivative al 


References 1. Bergqvist D. Post-operative thromboembolism Frequency, etiology Prophylaxis. Berlin Springer-Verlag. 1983 ři us to R: Reduction in fatal pi 
embolism a enous jrr ‘nistration of subcutaneous heparin New Engi J Med 1988 318:1162-1173. 3. Be 9 D zsch Set A 
tore surgery compared with conve nal low-dose Heparin prevention of thrombosis Br J Surg 1988: 75 868-891 
Thrombost © Ninonary Embolism After T tal Hip Replacement 4 Bone Joint Surg 1991:73A (4):484-493 
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